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RATS KEPT IN A WARM ATMOSPHERE WHI 


KITHER VERY MOIST OR VERY DRY 
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mosphere on man. That such an atmos 
dry one at the same temperature, has a 
well-Known fact, al it is beleve tha 
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duced to a minimum in su in atmospher | 
humidity and temperature necessary to bri ibout 
and the influence of other factors, f 
etc., have been little investigated in this 
Haldane made observations on the rectal and 1 t 
and on the pulse, respirations, and general set 
and dry atmospheres at high temperatures. He foun 
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that in still air during rest the rectal temper 


clothed or nearly naked rises whenever the wet bulb thert 
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reaches 88° F. and it continues to rise for some time (two and three- 
quarters hours) after coming out of the hot atmosphere. The highe 


the temperature of the air (as read on wet bulb thermometer), the 


greater is the rise in rectal temperature. In moving air (fifty-one 
metres per minute) the rise in rectal temperature is not noticed till 


» thermometer reaches 93° F 


the wet bull 
In still air even moderate muscular work causes a rise in rectal 
temperature when the wet bulb thermometer is at 78° F. In moving 


air muscular wo! ‘an be performed at 85° F. without abnormal rise 
of rectal temperature. 


Haldane noticed that the uncomfortable symptoms produced 


warm air depend only toa certain extent on the rise in body tempera 


ture; they are also, in part at least, directly due to the high ex 
ternal temperature (wet bulb). He further points out that it is the 


temperature reg stered by the wet bulb thermometer which is of 
importance in these observations, and not that of the dry bulb. This 


fact is easily explained: of the factors which contro] the body tem 


uencing the heat loss, the evaporation of 


sweat is undoubtedly the most important at high 


perature in man, by infl 


temperatures. In 
the above observations of Haldane’s we can accordingly account for 


the rise in rectal temperature as being due to the inefficient evapora 


tion of sweat from the surface of th 

I mr atrn | re ] Oo tl > readina he rat h ther- 
n warm atmospheres, so long as the reading on the wet D » ther 
mometer stands well below that of the skin, evaporation of sweat will 


proceed freely, and the temperature of the air, when dry, may rise 


even to 250° F. without immediately influencing the body tempera- 
ture. On the other hand, whenever the reading on the wet bulb 
thermometer nears that of the skin, evaporation of sweat is interfered 


} 


with, the body is not cooled down as it should be, and the rectal 


temperature rises in consequence. 
In small animals the relative amount of body heat lost by evapora- 


tion is, in comparison with man, much less than that lost by radiation, 


conduction, and convection. Thus, in a man (70 kg.), of the total 


heat loss 71 per cent is by conduction, radiation, and convection, and 
22.9 per cent by evaporation; whereas in a guinea pig (0.55 kg.) the 


heat loss by radiation, conduction, and convection is 93.5 per cent 
and by evaporation 6.5 per cent.' These figures relate presumably 
to ordinary temperatures; at higher temperatures the percentage 
loss of heat by evaporation will be much greater. In the case of the 
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body temperature and excretion of carbon dioxide in the opposite 
direction to that observed at lower temperatures. 
Meruop oF EXPERIMENT. 

Tame white rats were employed. The respiration chamber con 
sisted of a large-sized desiccator containing In the case of the dry 
air experiments sulphuric acid and in the case of the moist-air ex 
periments water. The inlet tube entered at the side of the desiccator, 
and was connected either with a tower of sulphuric acid and pumice 
stone or with one containing a sponge soaked in water. ‘The respi- 


ration chamber and towers were 
placed in a zinc tank containing 


water kept at a constant temper- 


lated by a thermo-regulator lhe 
ingoing air, previously to passing 

; through these towers, was freed 

of carbonk acid b | ng it 

throu owers contain soda 

, lime It was also passed through 
a worm tube submerged in_ the 

water bath so as to warm it Che 

outlet tube, leaving the desiccator 


at the same Opening as the inlet 


tube, led to a large Woulfe bottle containing pumice stone and sul 


phuric acid and then to a calcium chloride tube. Beyond this were 
attached the weighed absorption tubes filled with soda lime and cal 


cium chloride. Great care was taken to see that these were absorbing 


} 


let tube 


properly. A metre was connected at the beginning of the in 
and an aspirator at the end of the outlet tube. 

For the work experiments (see Fig. 1) a lid of hard wood was 
tightly clamped on to the desiccator in place of the glass cover. 
This lid was one inch thick, so as to prevent warping, and through 
the centre of it was passed a brass tube carrying an accurately fitting 


brass shaft twelve inches long 


~ 


and three-eighths of an inch in diameter. 
At about half an inch from its lower end this shaft was attached to 
the centre of a circular platform which formed the floor of the wider 
portion of the desiccator, the end of the shaft being prolonged beyond 
the platform and ending in a point which rested on a hollow brass 


~ 


disc. The brass disc was held in position by means of wooden stays. 


ature by means of flame regu 
| 


| 
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air was moist or dry, a: ll be seen from the following table of re- 


sults (Table I).'. In these observations the work apparatus was not 


sh in practically all of them the rats were moving 


} 
employed, altl 


about actively while in the chamber. 


TABLE I. 


The excretion of carbon dioxide. — The results relating to the excre- 
tion of this are given in Tables II, III, IV, and VV. In ex- 
periments of which Tables II and III give the results the rats were 
placed in a porcelain basin covered with wire gauze, and this was 
then placed in the respiration chamber. In connection with these 


+} 


the same 


it will be noticed that the ceneral average of the results is 
in the dry as in the moist air. In certain of the preliminary ex- 
periments which we performed there appeared to be a distinctly 
greater excretion in the moist as compared with the dry air, but when 
the average of a large number of the observations is taken, and espe- 
cially when the same rat is employed for both the wet and dry air 
observations, it is evident that no such differences exist. Such dif- 
ferences as are occasionally noticed (¢. g. in the case of rats 1 and 2) 
! There seems, from these results, to be a greater rise in the moist than 


dry air, but we believe this is accidental 


\ 
1.0 104.4 t t 

7-39 

; 4 ‘ 

aft i i 

Dry 36-37 . 104.4 

Wet 

j 
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Eexcretioi 


of Carbon Diorvide Gas. 
rABLE II 
A. 
N ber mate OF 
of rat and its of te 
we 
60 1044 
120 150 ( ( 
III. 174 ) 
IV. 139 / 
I In M rA 
) 170) 1026 
LSO l¢ ] i R 
DO 
III. 166 163 130 ) 
IV. 133 103.6 0.033 
150 
] ( | 
Averaye ot ( 


Average of all observation 


rABLE II! 
OBSEI TIONS ON 1 PEMPERATUI ( n D RETION 
PER y Py M1 F I MBEI 
AT 33° 
A. In D \ 
Ka Loss of 
Number Duration Rect 
ent t er \ ra 
i rat ts ot ser tel 
t n rat m te SAF 
weight i t rat 
grams remova 
208 10 210 LOO! 0.066 
60 3 103 0.064 0.036 
120 260 102.6 O.OS0 0.03 
165 00 103.2 0.075 0.038 0.036 
If. 183 120 17( 100.6 O.O5¢ 0.030 
120 220 102 ? O.045 0.030 
100 2K) 105.0 0.054 0.035 
120 210 103.6 0.06? 0.033 
200 220 O.059 0.052 0.032 
III. 160 100.8 (072 
200 LOLS O 0.033 ( 
[\ 133 60 LSO 102.2 0 072 0.037 
120 220 LOLS¢ 0.07 OO89 
150 30) 102.0 0.047 0.03] 
200 180 101.2 0.060 ( 
Avera ofa - t 0.034 
B. IN Moist Al 
I 135 60 102.8 0.076 0.038 
143 <8) 102.2 0.065 0.035 
On 160 102.3 0.056 OO 0.036 
IT 1SO 140 LOLS 0.033 0.033 
60 210 102.4 0.024 0.035 0.034 
II] 130 102.6 0.086 OO8S 
160 10 101.7 0.079 0.037 0.0375 
IV 50 OO 101.2 0.06] 0.042 
210 250 103.4 0.063 0.043 
SO 270 102.2 0.063 0.046 0.043 
0.0370 
| 
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rABLE IV 
OBS! PION rHE RECTAL TEMPERATURE AN ( D PION 
(PI Bopy WEI ND PI MINUTI NG Muse \ K 
IN A \ ‘TEMPE! RES BETWEEN 33° AN 
A. Dry All 
Dura Rectal Kate of 
t of temper- | CO. per! ventila ver 
' iture of | minute t for Kem 
Of rat : 
vation rat on ind kilo. « 
hamber 
0.06] 
) 101.4 0.067 | n r 2? hrs 
172.9(1 10 34-35 0.067 
SO 34 0.059 0.063 r 2h brs 
176.4 60 34.5 0.06] 
SO 345 0.067 150 
() 3795 7¢ 
} LA ( in i I Hrs 
110.0 30 33-3 O.07¢ 
60 100.4 0.073 745 | I ber 23 hr 
115.2 50 34 0.064 100 
50 0.066 150 
60 35 0.077 260 
x0 fy 106.2 O.O7¢€ 0.07] In chamber 3 hrs 
120.0 70 34 0.0S4 200 
0 100.5 0.069 O.07¢ In nber 2 hi 
+O 35 0.074 220 
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10 104.0 0.080 0.072 It umber 3} hrs 
Grat iverag 0.073 


Lixcreti ( Cd) Di lite (ra 
) Na 
e 
i ( 
Pal Uv 
‘ 
) ‘ 
HU 4 
1] ( y ] 
fy 
fy) 
) ) ) 
i T ‘ 
153.6(N ) vi 
0) 6-37 106.2 ) 0.079 
7 112 fact \ 4 
10) 0063 


% R. Macleod. 


vation the air was changed from dry to wet while the experiment was 
in progress. his was accomplished by changing the ingoing air 
current from passing through a sulphuric acid tower to one contain- 
ing sponge soaked in water and running water at the same tem- 


perature as that of the chamber down the inlet tube into the latter. 


FABLE \ 


Weight 
of rat 


in gram 


0 064 
0.06] 0.0625 


0.057 
0.064 


0.071 


O.049 


At the start in these experiments the chamber did not of course 
contain sulphuric acid but had been thoroughly dried before placing 
the rat init. It will be seen that, so far as the carbonic acid excretion is 
concerned, there is no difference between the wet and the dry air exper- 
iments. In general the highest results both in wet and in dry air are 
obtained when the temperature of the chamber is high, but the rela- 
tionship of body weight to the excretion is, as in the rest experiments, 
not evident. As a general average the excretion of carbonic acid 
during work is twice as great as during rest. It is surprising that ! 
the increased tissue combustion, which this points to, did not cause a 


much more rapid rise in rectal temperature. 


OBSE! PION CA DE Ix ( F Rats 1 WORK 
CHAMBER HIEATED 1 ABOUT 33° 1) HE | r Haw Ons 
ATION THE AII F THE ¢ \ ! VAS Dt I G THE S! ND I M i 
Dura far 
ia 
125.5 Dry 3() air 901 
Interval of 15 mit 
2 25 
Wet 0) 
Wet 30 0.062 In wet n 
108.2 Dry 30 33 I r9O1 
Ir x0 0.04 0.052 
Int min 
Wet ( $+ } 
Wet 30 Saar 0.045 — In wet air 90 
131.1 Dry 30 34 0.055 ) 
Dry 0.067 0.0625 
Wet 10 35 0.057 
Wet 30 0.053 OOSS | i 
| 
| 
| 
| 
] 
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Fexcretion of Car n Dioxide Ga 2 


The deleterious influence of a hot humid atmosphere trast 
with a dry one at the same tempe1 t 
small animals such as rats.! This 1s because h 
depend, to any extent at least, on evaporation 


ing the heat loss from their bodies 


( N N. 
| 
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THE RELATION OF THI \CTIVITY OF THE EXCISED 
MAMMALIAN HEART TO PRESSURE IN THE CORO 


1: P 
2 ‘HE experiments reported in this paper were begun primarily to 
test the relative efficiency of various inorganic salt solutions o1 


the isolated mammalian heart under similar conditions of temperature 
and pressure, with a view to determining the most suitable fluid 
the optimum conditions for restoring the mammalian heart to eff- 
ciency zz sttu. The results of Porter! and his pupils, of Langendorff, 


} 


and other workers, as well as observations of our own on mammalian 


hearts after restoration, both isolated and zz sztu, had led 


belief that the activity of the isolated mammalian heart bore a close 
relation to the blood pressure in the coronary arteries. This question 


Was re-Investig 


rated by direct experiments on the excised heart. 
PoRTER : This journal, 1898, i, p. 511. 
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16 C. C. Guthrie and Ht. Pike. 


placed beneath it. Thermometers were placed in the outlet tube 


from the tank and in the condenser. The relatively large volume 
| 


of the water in the tank prevented any great or rapid changes in 


temperature Che fluid used for perfusion was led from the bottle 
containing it through the worm of the condenser and then through 


the glass tubes with rubber connections to the heart to be perfused. 
Che bulb of a third thermometer was placed in the fluid at the 


mouth of the injection cannula. 


3. The preparation of the heart. - The animals were etherized and 
bled until respiration ceased. The heart was then rapidly excised 
and the pericardium removed, the blood being defibrinated in the 
meantwne. If the heart was sufficiently large, as in dogs, cats, and 


rabbits, a cannula was usually introduced into the anterior coronary 
artery (following Porter’s method), although sometimes into the aorta. 


In the case of very small hearts, ¢. g., of guinea pigs and kittens, the 


cannula was introduced into the aorta. In a few experiments the 
cannula was tied into the coronary sinus and the perfusion made 
through the coronary veins (after the method of Porter and Pratt‘). 

The heart was suspended by the base and connected with a writing 
lever by a thread usually attached near the apices of the ventricles. 
In some experiments auricular tracings also were taken by a second 
lever. The fluid used was applied to the exterior of the heart before 
perfusion was begun. During the perfusion the heart was usually 
kept sufficiently wet by fluid escaping from the coronary vessels, but, 
when necessary, its outer surface was moistened with it. The hearts 
of guinea pigs, rabbits, cats, and dogs were used, but most of the 
experiments were done on cats’ hearts. A few turtle hearts were 
used for comparison. 

4. The preparation of the fluids. (a) Of the various current salt 


s, four were mainly used. The formulas are given below. 


solution 


HOWELL AND GREENE’S SOLUTIONS 


1 PRATT: This journal, 1898, i, p. 86. 


| Per cent Gm. per litre 
.026 .26 
KCl. 
GREENE \merican journal of physiology, 1898, 11, p. I 6 


m 


A solution 


made by 


boiling 


residue 


Activity of the kxcised Mammatan Hea 
I. NaC] 
q at 
KC] Rey 
Several of Ringer's solutions and ) per t ve 
used for comparison As arule, no spe il te ( 
for oxygenating the solutions other than shaku them thor 
and letting them stand in contact with the an | . 
] + » ] 1) ] 13] + ‘ 
SOIULIONS CaliSo DIOOUd were S I e aSeS  ¢ \ i 
oxygen at atmospheric pressure and the irt w cept i t 
] ] } +1 } ++ 
phere of oxygen. Only slightly better resuits were obt t 
the usual technique. 
(6) Blood and serum dilutions, and ‘ prote containing 
] } +} 1;] + + + 
[he defibrinated blood ot he animal, diluted Ww rec 
umes ot ¢ ) pel ent cnioride ition, was wre tre t 
employed than any other fluid. 
Washed red blood corpuscles 1: ) per cet I 
| 
blood serum as free from corpus 3 as } e, lilut vit 
several voiumes 0.9 per t 
Phe relative proportion of corpuscles in t \ 1 sus 
sion, and the relative proportion of seru) nthe s m1 t 
pro} 
! the same as in the defibrinate ted 1 t 
] \ hemoglobin solution, obtained \ < t read ! 
drying - them at room temperature al xtract vit ) per t 
sod mam chloride solution, was employed xperit t 
MME, liluting 250 c.c. of ox ser t tre wit ti vate) 
filterin: The filtrate evapor 
MM made up to 250 gm. with distilled ut xtract f 
twenty-four hours, and again filtered | 5 filtrate w 
for perfusion. 
} 
Egg-white was dissolved in 0.9 per cent 
and used in a few experiments, but with unsatisfactory re t 
LOCK! Centralblatt fir | 
H A 
| 


18 C. C. Guthrie and F. H. Prke. 


Another fluid was made from cow’s milk. The milk was allowed to 
stand on ice for some hours, after which the portion below the cream 
was siphoned off, strongly acidified with hydrochloric acid to precipi- 


1 


tate the casein, and filtered. The filtrate was then rendered slightly 
alkaline with sodium carbonate. Before using, the alkaline filtrate 
was diluted by adding to it about three volumes of 0.9 per cent sodium 
chloride solution in order to bring down the concentration of the in- 
organic constituents other than sodium and chlorine, as the forme 
exist in milk in greater concentration than in blood serum. The 
dilution also increases the proportion of sodium and chlorine, which 
exist in a much lower concentration in milk than in serum. To de 
termine the effect of heating on the action of milk prepared in this 
way, a part of the filtrate was heated to 85° or 100° C. on a water 
bath for an hour or more and again filtered. This second filtrate, 
diluted as above with 0.9 per cent sodium chloride solution, was then 
used for perfusion. The milk used was obtained from a very large 
dairy, and was therefore of average and nearly constant composition. 

It is not difficult to see, from the analyses of milk given by Konig 
and Soldner,! that the inorganic constituents, with the exception of 
magnesium oxide and phosphorus pentoxide, would be present in our 
fluid in about the same proportion found in the artificial salt solutions. 
Sugar would be present in a considerably greater amount than in 
Locke’s solution, and of a different kind, namely, lactose. 

Washed hydrogen gas, prepared from metallic zinc and sulphuric 
acid, and commercial paraffin oil were the only fluids employed which 


were free from inorganic salts. 


THE NUTRITION OF THE EXCISED MAMMALIAN HEART. 


1. The action of the salt solutions. — All the salt solutions employed 
produced beats more or less rhythmical in-character, which terminated 
in acomparatively short time, apparently either through the production 
of rigor in the ventricles or from exhaustion of the heart. Delirium 
cordis is relatively easy to produce by means of these solutions. The 
beat of the heart is, in general, more rapid and far more irregular 
than with fluids containing serum proteid. The external application of 
these solutions to the heart almost invariably produced contractions, if 


the heart had not been excised too long (Fig. 1). 
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relative isotonicity of Locke's solution may be one reason why it 
conserves the beat of the mammalian heart longer than the other salt 
solutions used. 

2. The effect of blood and serum dilutions Defibrinated blood, 


+ 


diluted with three to ten volumes of 0.9 per cent sodium chloride s 


lution, conserved the beat of the heart for long periods of time, usually 


longer, in fact, than we cared to continue the experiment [he ven 
tricles did not go into rigor, and delirium cordis never resulted at 


ordinary injection pressures 


Serum, freed from corpuscles and diluted with 0.9 pe 1t sodium 


chloride, gave results as good as were obtained by the use of diluti 
of defibrinated blood. 
Red blood corpuscles, washed free from serum and mixed with sev- 


eral volumes of 0.9 per cent sodium chloride, did not give 


results as dilutions of defibrinated blood or of serum alot ig, 2 
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the other fluids, and caused much trouble by clotting during perfusion. 
Che fluids most frequently used were defibrinated blood and serum 


dilutions. 

All the defibrinated blood or serum mixtures produced rhythmical 
and co-ordinated beats, slower, as a rule, than resulted from perfusion 
with the salt solutions, and they continued for a much longer time. 


The aqueous serum extract, although doubtless containing some 


proteid, did not sustain the activity of the excised heart as long as 


the unheated serum. The action of the heart, as regards regularity 
and co-ordination of the beat, resembled more closely that following 
perfusion with Locke’s solution than that produced by perfusion with 
the blood dilutions. Greene! has used a similar aqueous extract of 
the serum salts of the terrapin on strips of terrapin’s ventricle Che 
action was more like that of diluted serum than that of Ringer’s 
solution. Undiluted serum produced no beats. 

3. The effect of milk and whey.— Von Ott? first showed that 
milk and whey would sustain the activity of the frog’s heart. Ringer, 
t to 3 cc. of milk to each 100 c.c. of saline solution, kept a 


using 3 


frog’s heart beating regularly fora long time. Bufalini and Torsellini # 
found that milk and whey, even when dialyzed, neutralized, and made 
up to the normal sodium content, were toxic to the turtle’s hear 
Che original paper is not accessible to us, and we are unable to lear 
whether or not the milk was diluted. As will be pointed out below, 


diluted milk will not long sustain the beats of the mammalian heart. 


Howell and Cooke® used an aqueous extract of dried milk, which 
contained the inorganic salts and the sugar, and were thereby able to 
sustain contractions of the frog’s heart for considerable periods 


Milk containing caseinogen is unsuitable for perfusion of 


mammalian heart, for the reason that the caseinogen coagulates in 


the coronary vessels and seriously interferes with the perfusion It 
Gil \ ot I 
KRONECKEI r Physiolog <69: V. OTT, / 
RINGI Journal of logy, 1885 64 
BUFALIS CORSE N Lo ) Societa tra cultori di scienze 
edi \ No. 5 1, 188 FINN, Zeitschi fur 
5. XXIX 3 
HOWELL and K ournal of siol 1893, 3 
DMUND ) sidlogy, x 4606-476 st K 
dling terments estis, liver ( brain, mesenteric lym oid gla 
| st ovat blood clot | from t vehavior « kK 
ntai t res ce of s i rm mammal € tissue 


? 
r 
| 
j 


1ecte i the icti\ \ I t 
prepared as previous I ( 

mating those of blood and s t 

pioye ihe oveatS were Si \ 
maintained as long as we des to cont ( 
1 

The left ventricl to 


four hours and more i ntact with the ' . 

heated to to 100° and. filter t 

tain the activity of the heart as 

of the left ventricle is more likely 1 , 
application of the milk preparation to th 


contractions. 


{. The effect of hydrogen gas and paraffin oil 


hydrogen gas! into the coronary arte t 
rhythmical beats, not very stro ' fa si 
co-ordinated and regular Ihe injection of paraffir tot 

nary arteries ) ( ince with Sollma f t 


, 
with Locke's ) mann ad Phe 
our experiments no introd tion of Inorg 
arteries except such as were alread | 
AG; \r i 


tion of the is a eutl t :- 
é ‘ 
rhythmical contract \\ t t 
’ 


C. C. Guthrie and Ht. Pike. 


found that increase of intra-cardiac pressure up to a 
certain limit produced in most cases a more rapid rate of the iso- 
lated frog’s heart. Ludwig and Luchsinger? found that the pulse rate 
of the isolated frog’s heart increased with pressure [his was more 
particularly true of the heart deprived of its sinus and of the gan 
glion-ftree apex. Sewall and Donaldson,’ working with the isolated 
frog’s heart, failed to get any noticeable variation in rate with change 
of intra-cardiac pressure. Stewart? states that in the Isolated frog’s 
heart % sz¢w the rate is not generally affected by change of pressure. 

Martin® found that variations in the blood pressure did not 


affect the rate of the dog’s heart after it was severed from all connec- 


tion with the body except the connecti with the lungs The cause 
of Martin’s failure to obtain a change in the rate with a change in 


pressure Wlii tater De Considered in detall 


Magrath and Kennedy," working with the isolated heart of the cat 
ind usin efibrinated blood for perfusion, were unable to get 
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amplitude the original beat. On lowering the pressure, the second 
beat appears in inverse order, becoming gradually weaker until it 
ceases, after which the remaining beat diminishes in amplitude until 
it also finally ceases. This double beat is shown in the tracings of 
Magrath and Kennedy,' and has also been observed by Cushny ;% 
and Mathews,’ following the administration of substances of the 


t has ob- 


digitalis series and 


of aconitin respectively. Dr. Lingle 
served it in strips of the turtle’s heart. 

When the pressure of the injected fluid is reduced ,to about zero, 
the beat of the heart entirely stops for some minutes, following which 
there sometimes occurs a series of peculiar beats (Fig. 2). Finally 
these beats cease, and no more appear until the pressure of the 
injected fluid is again raised to a suitable level. This secondary 
group of heart beats bears a striking analogy to the “ secondary ” 
group of respirations of the Cheyne-Stokes type following cerebral 
anaemia. 

The optimum pressure for the heart varies with the temperature 
and nature of the fluid, with the individuality of the heart, and also 
at different times during the experiment with the same heart. <A 
higher pressure is generally needed to produce the same effect two 
hours after perfusion is begun than at the start. With the blood or 
serum dilutions or milk the optimum pressure for hearts in good con- 
dition is not far from the normal blood pressure of the animal, and 
the rhythm at this optimum pressure is very nearly the normal 
cardiac rhythm of the animal. On the other hand, the optimum 
pressure for the salt solutions is less than the normal blood pressure. 
If the perfusion is begun before the heart has ceased to beat, a very 


low pressure is the optimum, and the change in rate with change in 
pressure is not so apparent 

A sudden and great fall from high to low pressure may be followed 
in the excised heart (2) by a sudden slowing or even stoppage of the 
heart followed by the same rhythm previously observed for that pres- 
sure, or (4) by a very rapid rhythm which soon decreases to that 


previously observed for that pressure. 


1 


MAGRATH and KENNEDY: Z 


Cusuny: Journal of experimental medicine, 1897, li, p. 233 
MATHEWS: /did., p. 593- 
+ Personally communicated 
STEWART, GUTHRIE, BuRNS, and PIKE: Journal of experimental medicin 
1906, vill, p. 3 
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pressure had no effect on the rate of the heart zz sitv. Tschirjew 
found that in most cases great and sudden changes in blood pressure 
affected the heart even after section of all the cardiac nerves \ fall 
of blood pressure caused an increase in pulse rate, and a rise of 
blood pressure caused a slowing of the heart. MacWilliam! states 
that the heart is insensitive to changes of blood pressure after com- 
plete section of the extrinsic cardiac nerves. We have produced 
great and rapid changes in pressure by occluding by means of a liga- 
ture and releasing the thoracic aorta of cats, and have found that 
after complete section of the extrinsic cardiac nerves there is either 
no change in the pulse rate, or an increase in the rate with a fall in 
pressure and a decrease in rate with a rise in pressure. Even when 
all the extrinsic nerves are cut, the heart zz szt« does not follow the 
law of the excised heart as regards pressure changes. The conclusion 
seems inevitable that there is a local controlling mechanism normally 
present in the heart zz sz¢ which is inactive in the excised heart 
under the conditions of our experiments. The nature of this control- 
ling mechanism is unknown to us. From the well-known lower re- 
sistance of nervous tissue to injurious influences, ¢. ¢., asphyxia, and 
the greater difficulty in keeping it active in excised organs, one is 


inclined to regard this controlling mechanism as nervous in nature. 


On this view, the greater stability of the rhythm of the heart zw sztu 
in the face of changes of pressure would be due to an intrinsic nervous 
mechanism which Kaiser? postulates. 

It is obvious, also, from a consideration of the response of the 
excised heart to pressure changes, that the all or none law fails to 
hold under the conditions of our experiments. 

We have much evidence, obtained from a study of the heart 77 sztu, 
that the loss of function of this mechanism, whatever it may be, in 


the excised heart, is closely connected with the temporary stoppage 
of the circulation The rate of the heart zz sz/u, when started by per- 
fusion of a suitable fluid after comparatively long periods of stoppage, 
varies directly as the pressure in the aorta. The slow rate of the 
intact heart with high pressure is not due to the inability of the heart 
muscle to contract as rapidly against a high pressure as against a 


low p! essure. 


See also HENDERSON: This journal, 1996, xvi, pp. 359-362 
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The area at the anterior margin of the right ventricle manifests a 
peculiar deportment in certain other points. This area is apparently 
very sensitive to many different influences. It oftens remains con- 
tracted when other parts of the ventricles are relaxed, presenting the 
appearance of tonus. Contractions, more or less rhythmical in char- 
acter, may be seen here when the rest of the heart is quiet. Occa- 
sionally, also, stimulation of the accelerators will cause contraction in 
this area when the rest of the heart fails to respond. On opening the 
thorax after asphyxiation of the animal, we have often noticed fibrilla- 
tions in this area while no movement was visible in other parts of the 
heart. 

Martius ' showed that the frog’s heart, after exhaustion from saline 
solution, could be revived by perfusion with saline solution contain- 
ing 3 to 5 mg. of sodium carbonate in 100 c.c. Martius was of the 
opinion that after exhaustion from the second fluid the heart could 
be revived only by perfusion with a fluid containing albumin. Howell 
and Cooke ® state that such a heart may be revived by perfusion with 
a saturated solution of calcium phosphate in physiological salt solution, 
to each 100 c.c. of which were added 3 c.c. of a one per cent solution of 
potassium chloride ( Ringer’s solution). Howell states that the beats 
of a heart perfused with Ringer’s solution were not so normal as those 
of a heart perfused with serum. Hearts perfused with a solution of 
inorganic salts of serum, minus the extractives, showed a tendency to 
form Luciani’s ® groups, 2. ¢., alternate periods of contraction and rest. 
Gothlin,? working with frog’s hearts, found that the addition of serum 
proteid to a solution of the inorganic salts of the blood (Serumsalz- 
fliissigkeit) would restore the activity of the heart or prolong it for 
several hours. Similar results have been obtained by other observers, 
among them being White.o White answers Howell's contention by 
saying that the hearts Howell worked with were not fully exhausted 
in Martius’ sense of the term, and reaffirms the statement of Martius 
that frogs’ hearts which have ceased to beat on perfusion with Ringer's 
solution, and which do not respond to strong electrical stimulation, can 
be revived only by perfusion with a fluid containing proteid. In a 
later paper® Howell reaffirms his former position. 

Martius: Archiv fir Physiologie, 1882, p. 543. 
HOWELL and CooKE : Journal of physiology, 1893, xiv, p. 2 
Vide HERMANN: Handbuch der Physiologie, iv, I t., p. 363. 
* GOTHLIN: Skandinavisches Archiv ftir Physiologie, 1902, xii, p. 1. 
WHITE: Journal of physiology, 1896, xix, p. 344. 
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Activity of the Excised Mammalian 


Baglioni! has shown that the inorganic salts are incapable 
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maintaining cardiac activity for a long tim 


The mammalian heart is more sensitive to the action « alt 
tions than the frog’s or turtles heart, and the irregularities are 
noticeable than in the frog’s heart. Group format S ] 
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at 


groups, is perfused with blood or serum fluids, or with milk prey 


as above, the groups may continue until the heart finally stops, 


case of restoration of the heart, until replaced by a regular, rhy 


cal beat. If the perfusion with Locke’s fluid is stopped for a tim: 


removing the pressure, a more rhythmical beat may result on re 
ing the perfusion, but the groups soon reappear. When the 


malian heart is nearly exhausted and perfusion is bs n wit 


milk dilution, one group of beats may follow at a given pressure 


on the cessation of the beats of this group the heart w yt 
again until the pressure is raised, when another single grou] 
follow, more or less tardily, the rise in pressure. The upper 
pressure is soon reached, and no more groups follow ; 


increase in pressure. There is, then, a certain limit follow 
fusion with salt solutions beyond which the mammalian hear 
readily revived by perfusion with serum or milk or other 
containing fluid, and this limit is apparently much lowe: 


frog's heat t. 
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These groups are not, as Gaskell! contends, due to a blocking of 
conduction from auricle to ventricle. The auricle of the cat’s heart 


is sufficiently large to watch with a lens with a considerable degree 


of accuracy. There were no contractions of the auricles during the 


period intervening between any two successive groups of ventricular 
beats. Asynchrony of auricles and ventricles is very common in 
excised mammalian hearts during perfusion with artificial solutions, 
but Luciani’s groups may occur independently of this asynchrony. 
The difference in the rhythm and character of the beat produced 
by perfusion with Locke’s solution, as compared with the beat pro- 
duced by perfusion with such a fluid as the milk preparation, may be 


shown by leaving the injecting cannula full of Locke’s solution and 


connecting with the reservoir containing the milk preparation. 
When the pressure is turned on, the first fluid passing through the 
heart is Locke’s solution, and it is immediately followed by the milk. 
The pressure of injection being the same for both fluids, the contrast 


> 


is somewhat striking (Fig. 1). The slower, more regular beat under 


the influence of the milk is sharply marked off from the rapid, 
irregular rhythm due to the Locke’s solution. When the perfusion 


is started with the cannula full of milk, the first beats are as regular 


as any of the others. 


It may be questioned whether hydrogen gas, as used by Magnus * 
and in our own experiments, is an indifferent substance for the hear 


Hydrogen is slightly soluble in water and the other fluids of the 
body, and it may be objected that the hydrogen molecules in solution 
may have some chemical action, but it is improbable that this would 
account for the effect obtained. 

Again, cottonseed oil, which undergoes metabolism in the 


heart tissue 


tissues, 
may conceivably be acted upon by the ferments in the 
in such a manner as to yield energy. While this is improbable, 
Sollmann’s® argument for a physical factor in the cause of the heart 
beat would thus be weakened. When the heart is previously flushed 


out wit 


h Locke’s solution, as in Sollmann’s experiments, it may be 
objected that enough of the inorganic constituents remain in the 
coronary system to cause the heart to beat when perfused later with 
paraffin oil, though this is improbable. There is small reason for 


believing that paraffin oil itself is acted upon by the tissues, or acts 
GASKELL: SCHAEFER’S Text-book, 1900, ii, p. 227 
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the heart beat, can we find a further iportant facto ! 
ie pertu yn flu There is rect ¢ ( 
contrary nd this is support by ( tio n the ef 
solutions on the other tissues \s examples St 
take the f wing Instances 

(Of the many attempts DI t ene 
eggs of sea urchin and other low forms an ’ e 
has as vet resulted in the deve lopme la l ce 3 il 
ual maturity, and the le of the inorganic salts is still far n 

Attempts to maintain the tivity of the reflex nervous 
animais Dy ] ision with tl Sait s ition h: resulted I 
We have reviewed teratul this s ect in a previ 
to which the reader is referred for a fuller discussion 

As already stated, such solutions are not capable of maint 
the activity of the Selachian heart fé mor tl 1 short me 
view of the abnormalities and irregularities appearing in the t 
of the excised mammalian heart under their influence when in 
ous solution, and of their general incompetence in maintainit 
physiological functions, it is highly improbable that the inorgan 
of the blood are the direct cause of the normal heart beat 

In our opinion, there exists in the literature a certain amo 
confusion between the actual cause of the heart beat and the 1 

PHRIE, PIKI nd STEWART: This journal, 1906, xv ! 
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‘ 5. The inorganic salt solutions do not maintain the activity of the i 
excised mammalian heart as iong as the aibuminous Mulds. 
a groups appear in the tracing, and the heart soon stops, presumably ; 
from exhaustion. 
6. Aqueous extracts of serum salts, and milk whey after heating, 
i 
: produce res Ss more like tnose caused by the inorganic salts than Dy 
the albuminous fluids 
heart ifter stonpace from the inorganic salt solutions, may 
g 
ofte! stored by perfusion with the albuminous fluids. 1 
Ss. SIN iood produces no contract perfused througn the 
coronat vessels 1 suitable pressure, it 1S possibDie that there is a 
purely physical or mechanical element in the cause of the normal 
neart beat. 
9g. In a wly beating excised heart, the coronary arteries or the 
tissues about them may sometimes be seen to contra ind the beat 
t re the rr vA the heart 
ea trom } ronary esseis 
STT Ol ca oO i¢ ( O! anpdaomina aol W en SUSD¢ ciecd, ¢ 
haves much like the first strip of ventricle. 
\ circulation in the capillaries of the coronary vessels is sufth- 
nt ¢ ‘ + } + ] +} ] 
cien prod beats of e excised neart, and pressure on Walls 
( tne iarge irteries or is no ina so1utely essential CONQGITION 
Wve acknowledge our obiigation to our coleagues 1n 
departmmmmt of physiol V, al particularly to Prof. G. N. Stewart, tor 
many helpful suggestions during the progress of the work 
vi 
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The result was as follows: with iron, zinc, lead, tin, gold, and plati 
num I got no fertilization membranes. The iron dissolved a good deal 
and killed the eggs near it. The lead, tin, zinc, nickel, gold, and plat 
inum seemed not to affect the eggs at all, since they matured and 


lived, for several hours at least, when lying almost in contact with the 


metal. Eggs matured and lived in atin vessel when the eggs wert 
lying against the tin. Copper, silver, and mercury and the metailoids 
bromine and iodine caused the eggs to put out fertilization membranes. 


Of the metals, copper was the most powerful, silver came a little after 
tt 


it, and mercury was efficient only when the eggs were extremely sen- 
sitive. lIodine is as powerful apparently as copper, and bromine is 


the list 


not so good as iodine. We may, therefore, add mercury to 
of efficient metals, as given by Herbst, and iodine and bromine. 
In working with the metalloids a slightly different procedure was 


adopted. A minute piece of iodine or a small drop of bromine was 
put in the midst of a lot of eggs. The eggs near the metalloid took 
up some of it and became strongly colored. A few of these eggs were 
little sea water 


then removed with a very fine pipette, washed in a 
picked up again with the pipette, and allowed to,all among a new lot 
of eggs in fresh sea water. Each of the eggs which had the metalloid 


thus served as a minute source of the metalloid, and acted upon 


the 
other eggs in its immediate neighborhood. This method was adopted 
owing to the solubility of these metalloids when introduced in sub- 


if} 


stance. So much of the iodine or bromine went into solution as to 
kill the eggs near by unless this method was used. 


+ 


The time required after metal and eggs were brought together be- 
fore the action began was in many cases very short, an effect being 
visible within a minute after the eggs were introduced. In other cases, 
however, a longer interval of five or ten minutes elapsed before the 
membranes began to appear. The time appeared to depend upon the 
sensitiveness of the eggs. 

In no case were the whole or a majority of the eggs in the dish 
affected, as reported by Herbst. On the contrary, if the eggs were 
left quite undisturbed only those within a short distance of the metal 


were affected. Eggs a millimetre or more from the metal were very 
seldom acted upon. This difference from Herbst’s results may be 
due to the starfish eggs being less sensitive, or to the fact that in his 
experiments the eggs were not left undisturbed, so that many eggs in 


succession came within the sphere of action of the wire. 


The actual phenomena of the changes in the egg are interesting. 
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ther Vas dang Overlooking some tavorable concentration of the 
17 
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1 + ‘ 
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but no m ranes W eto er contal ne ma nes¢ 
( na VCT¢ membranes form The 
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tively to 100 c.c. of sea water 1n different glasses | eoos dissolved 
In the last giass, but no good membranes appeared. Lhe dissolution 
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of the peripheral layer of protoplasm looks somewhat like a process i 


of membrane formation, but Ido not think it identical with it. 


/ 7 nents it Ss ws melals a 
a tly The ions of the metals in all cases caused 
co ition, but the metals themselves always cause liquefaction first 
in the egg protoplasm nearest the metal. It is only after many 


minutes that a secondary coagulation may ensue, and this is ap- 


parently due to the action of the metallic ions, as is indicated by the 


light blue color of the coagulum in the case of the eggs near the 


copper wire. Furthermore, eggs which had been in the more dilute 


solutions of cupric salts were transferred toa dish containing a copper 


wire, when those eggs near the wire immediately put out their mem- 
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minute intervals for from half an hour to an hour Then the ensit) 
oft the light was changed by moving the aquarium toward o1 wal 
from the filament, and the same method of recording « tinued It 
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The Reactions of Cyclops to Lie 


each of three intensities of light 


previous exposure to light. 

It was found necessary to use a small num} 
time in order to count accurately and quickly. 
taken was five, and the whole number of times tha 
in one half of the aquarium was calculated from 
above. The percentage this number bore to the 
records was taken as evidence whether a given 
positive or negative. 

Reactions to light after protracted retention in darkness. It 
said at once that,in lights of 420 candle metres and below, the 
experimented with were neutral when‘*exposed to the ligl 
had been in darkness for some time. The results of such experin 
show that 50.9 per cent of the total number of records made unde 
conditions named and in the 420 candle-metre light represent 
in the negative half of the aquarium. Usually the animals 
experimentation move from one end of the aquarium to the other 
frequently, the movement being general and not confined to one or 
two individuals. Even if at a certain moment more animals are posi 
tive than negative or vice versa, it is possible with a large number 
of records extending over a considerable time to determine whether 
as a whole the set is positive or negative. The lights of 
sity than 420 candle metres that were used were 
metres. The latter was used on only one occasion, and special care 
was taken to prevent any but the most direct rays reaching the animals 
The number of negative and positive animals was recorded every fifteen 
minutes for a period of six hours, and after each reading was taken, 
the water was agitated to redistribute the animals. The results for 
the entire period show that exactly as many animals were negative as 
positive, though the number at different times in the negative halt 
varied from one to five. In this case six individuals were under 
observation. 

During observation in the 8 candle-metre light an aquarium was 
used in which both ends were clear, so that it could be turned end for 
end. ‘The aquarium was left in position and in the dark for several 
hours before observations were commenced. When brought from 
darkness into the light, the animals were not counted for the first 
five minutes; then records were made every half minute for ten 
minutes, when the vessel was turned end for end as carefully as 


possible and after five minutes counting was resumed. Tw 


) 
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of records were made for each of the two positions, and the same 
animals were used on three different days. The results of a number 
of trials made in this way show that as a whole 47.1 per cent of the 


animals experimented with were negative. Here, then, there is some 


evidence of a positive response, but it is probably of slight signifi 


cance, as indicated by comparison with the results obtained by the 


use of the lights of 420 and 0.55 candle-metre intensity. 


rABLI 


The conclusion to be drawn from these results is that in lights of 
low intensity following darkness the animals are neutral. When 
lights of greater intensity than 420 candle metres are used following 
darkness, the reaction is invariably negative, the negativity increasing 
as the intensity of the light is increased. Table I shows the averages 
of a number of trials with the different intensities following darkness. 

This table shows that there is no clearly negative reaction until an 
intensity of 420 candle metres has been passed. In all trials in the 
825, 1700, or 2200 candle-metre lights the negativity of the animals 
was clear and convincing. 

Reactions to light after exposure to light. If the animals are tested 
after they have been exposed for some time to light of any intensity, 
their reactions are invariably negative. It does not appear that there 
is an increase in the negativity with an increase in the intensity of the 
light, as there was when the animals were brought from darkness into 
light. Table II shows the average per cent of animals that were found 


in the half of the aquarium away from a light of given intensity (indi 
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ity were. The most usual inhibition of the response occurred when 


an animal came in contact with the side of the vessel after once start- 
ing down; it might cling to the glass for some time, but even such 
individuals have often been seen to reach the bottom after a few 


minutes. 
We may conclude that in daylight and under ordinary conditions 


the response of the females of Cyclops albidus to gravity is positive 
But if the vessel containing the animals was covered for a short time 
so as to exclude all light, and the distribution noted at the end of this 
time, it was seen that there had been an upward migration toa greater 
extent than ever occurred if light and dark periods did not alternate 
To test this carefully a tall glass cylinder was marked off into five 
sections each about 10 centimetres in height, and the sections were 
numbered from the top down. Thus the position of the animals could 
be noted rapidly when the jar was uncovered. A single laboratory 
record will show the result of keeping the animals in the dark for 
short periods and then exposing them to diffuse daylight long enough 


to note their vertical distribution. 


7, 1905. 10.15 A.M. Cylinder with six positively geotrop 
was covered so as to exclude light. 

10.20 A.M. Covering removed; one animal in Section 1, moved 
bottom at once; five in Section 5. Covering replaced 

10.25 A.M. Covering removed; one in Section 2, and went down 
once ; five in Section 5. Covering replaced. 

10.30 A. M. Covering removed ; one in Section 2 ; three in Section 1, 
and all moved down at once i » light; two in Section 5. Covering 
repla ed. 

10.40 A.M. Covering removed ; one in Section 3; two in Section 2 
two in Section 1, but one of these does not move down; one in Section 5 
Covering replaced. 

10.50 A.M. Covering removed; one in Section 3; two in Section 2; 
two in Section 1; one in Section 5; all pass to bottom. Covering 
replaced. 


11.00 A.M. Covering removed ; two in Section 3; two in Section 


these two reach the bottom in thirty seconds ; two in Section 5 


Chis experiment, which is typical of all, proves that in the absence 
of light the animals, which are otherwise positively geotropic, tend to 
become negatively geotropic, and that in daylight this response is 


reversed. The same is true when the animals are exposed from below 
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The Reactions of Cyclops to Light ana Grav: 5 3 
to illumination of su ntensity that if t rays w { 
yntally the photot: react wou be | 
it with a Nernst | it and it 
metres. The ani were lat t 
and an ipparatus was irran »>tnat Ww tae 
from below and could be cut off bya tightly fitting shutter; t ' 
experiment was carried the i! I m. ext 
irel illy Puarded St. \ heat s vas ter ead 
the light and the bottom of the cy r, and care was taken 1 
water in the screen was cé The animals wet lw t 
into the cylinder at night and not test ntil the follow mor 
then they were exposed to the light r fi minute pel te t 
ing with five minutes irknes ntil 1 rds ha 
five periods or more in each stat 
Table III shows the ti ition of the anin 
naer. Lialf of the records were mad [ter per Garkiie 
as soon as the light entered the vess¢ the ot I iif Wel n I 
the end of a period in the ht immediately fore t shutter 
cl sed. The figures the ta are the sums i the ! 
animals found in the different s thor I the cylinder tor tf 
records of six separate tests, ea of w col ed of at t e 
five-minute periods in darkness and a like numb 
Inspection of the ta shows that in the xperiment nit 3 
appeared in the uppermost section more than thi t ( tt 
immediately after periods it ymplete darkness as t l at the 
end of like periods of ex] re to illumination from be k 
wise more than t e tten in the nd secti¢ {tel knes 
as after exposure to light It wil e seen that rit bot] t 
and dark periods more of the animals which leave t wer section 
are HM sections 1a > than in any other Fifty mals were 
light, ar only one t wa tw 
SUCCeSSIO}I 
ee It has been seen that t totre re 
sponse of these animals is negative; they are neutral t ts of 
intensity if tested after retention in darkness. It cannot be 
that the response to light was modified by handli r ot] 
be ause when tested the animals had been wu Lurbe n tne 
In the « uses where the aquar! ! was turne 
end an experiment there was of cours m echan tu 
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ulation, but it was certainly very slight and may be regarded as not 
affecting these results, especially since no record was made of the dis- 
tribution until after a period of quiescence. If it were possible that 


in nature light could affect the organisms apart from gravity, we 


rABLE III 


THe ¢ IPARATIVE VERTICAL DISTRI riON OF THE FEMA OF CYCLOPS ALBII 


should be led to say that light alone has very little to do in causing 
vertical migration. A light of comparatively low intensity, such as 
would be experienced, for example, in early evening, would not bring 
the animals to the surface, since they are at most only slightly positive 
to weak lights after having been in darkness, and we have seen that 
they are negative to all intensities of light if previously exposed to 
light. It seems improbable that phototropic responses are even the 


main factors in causing diurnal migrations. 
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(:02) to be negatively geotroy It is 1 ib] it 
of Cyclops albidus are lot negative toa ht from 1 rw of 
sity that, if it operated apart fr eravit he animals 
away from it. Thus the positive geot: m is seen t 
than the negative phototropism However, 
response is changed and the anin scen rough t 
considerable distance; that is, they are negat y geotro 
exposed to light, n negative inimals move Own at 
it that time a return to the condition of sit 0 

curs, as has been shown, in diffuse daylight a1 the 
Nernst lamp. In the former case the light co 
ffect, though that would be possible in the latter cass 
to conclude, then, that light is at least a kinetic efte 
negatively geotropic animals in that it induces locomo 
penter (:03) has shown that ight has a kinet ert 
pomace fly, Drosophila It seems pr ible wev 
case ot Cyclops light does more than 1 Ic€ mot 
animal which is not at the top of the column of water n 
pected to move up as readily as down, if the effect of 
were only kineti It may be that light produces a chem 
in the organism by virtue of which it responds positively 
[he case seems to be strictly inalogous to those rep rte DY 
in which heliotropic reactions were controlled | en 
effect of light upon ¢ yclops is best seen when neat 
animals are suddenly illuminated from below. In 1 
animals give a leap is soon as the light trikes ft 
rapidly to the bottom Phi weed of this movement Is ce 
since they often pass throu m. of wate in trot 
sixty seconds. Some animal sink passively t 
mode of progress, the response begins when the t re 
except in the very few cases of animals that remain att 
surface film or to the s s of the vessel 

It has been said that th inimals were left in t 
ness for hours before testit them with the Nernst ligh 
doubt there is at pward migration when the jar 
it would be desirable to know when the animals go 
are always at the bottom en exposed to the it ea 
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ing, but I have not determined whether they begin to move downa 
few minutes or several hours after they are put into darkness. If 
there is a physiological effect due to light (or darkness) whi h does 
not wear off for several hours, it has an important bearing in explain- 
the cases when, in nature, animals do not reach the surface tor 
several hours after sunset, and leave in the morning before sunrise 
when there is no morelight than at midnight. (On this subject 
Juday, :04.) 

Another unsettled point is whether or not, after exposure to | 
absolute darkness is necessary for the upward migration. 
probable that weak light would have the same influence, and 
we could reproduce in the laboratory the effects of twilight or dawn 
in causing upward or downward migration. 

No attempt has been made to test the effect of temperature, along 
] 


the lines of the theory of Ostwald (:03), in causing daily migrations, 


but it seems very probable that light and gravity are the predominant 


factors in bringing about the present phenomenon. 


OUMMARY. 


1. The females of Cyclops albidus are neutral to artificial lights of 


low intensity, and negative to that of high intensities if subjected to 
the light after confinement in darkness. 
2. After exposure for some time to light of any intensity, they are 
rative to light of low as well as of high intensity. 
When the negative reaction appears after the animals have been 
in darkness, the ne increases with the intensity of the |] 
(Table 1). 


4. Ordinarily the females of Cyclops albidus are positively ge 


but after having been in the light such animals tend to become neg- 

atively geotropic in darkness. 

5. Negatively geotropic animals become positive even if exposed 


to such intense illumination from below that if the light were acting 


alone they would be negative to it. 
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THE CAUSE OF THE PHARMACOLOGICAL ACTION OF 
AMMONIUM SALTS. 


By A. P. MATHEWS. 


From ¢ } Biochemistry and Phar versity ‘Gi 


I r is now well established that the pharmacological action of most 
inorganic salts is due to the ions of the salt; that the kind of 
action depends on the character of the charge of the ion, whether 
positive or negative ; and that the degree of action is determined by 
the available energy in the ion and chiefly by its potential energy. 
The potential energy depends upon the electrical affinity, or potential, 
of the ion.! To these general rules ammonium salts are in some 
respects exceptional, and it is the purpose of this paper to examine 
the cause of action of ammonium salts to see whether these salts are 
in reality exceptional as they appear to be. 

[In a previous paper I. have endeavored to show that among inor- 
ganic salts several apparent exceptions to the principles quoted above 
were in reality to be explained in harmony with those principles, these 
exceptions being due to the fact that more than one kind of dissocia- 
tion occurs in these cases. The actions of the chlorates, iodates, and 
nitrites, for example, which cannot be explained on the basis of their 
dissociating only into metal and chlorate, bromate, iodate, or nitrite 
ions, are readily explained if we assume that some molecules disso- 
ciate also into other kinds of ions, as their chemical behavior indi- 
cates." Furthermore the character of the dissociation in these cases 
depends on the reaction of the solution, and in accord with this their 
action was found to be much greater in acid than in alkaline tissues. 
Their action can, moreover, be counteracted by alkalies. 

In the second place, it was pointed out for many anesthetics that 


whatever the cause of the activity of these compounds might be, 


MATHEW Biological studies by the pupils of Wa. T. SEDGWICK, 1906, 


MATHEWS: American journal of physiology, 1904, xi, p. 237. 
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of ammonium compounds cannot be due then, I think, to the ammo- 
nium ion. 

rhe stimulant action is, however, readily explicable by a reference 
to the other dissociation, that is, the ammonium hydrate formed by 
hydrolytic dissociation. Ammonium hydrate, while it so rapidly 
destroys the conductivity of motor nerves, acts as a powerful stimu 


77 
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lant to many sensory nerve ends. Furthermore, it is well known that 
ammonium carbonate is a far more powerful stimulant of the centra 
nervous system than ammonium chloride, and in the tormer the 
amount of ammonium hydrate is far greater than in the latter. 


That certainly some of the action of ammonium carbonate is prob- 
ably due to the ammonium hydrate in it, is shown by the following 
observation. I found that the addition of a little ammonium carbon- 
ate to sea water, containing immature eggs of Asterias Forbes, 
caused an almost instantaneous solution of the nucleolus of the ger 
minal vesicle, before any change could be perceived in the rest of the 
egg. In this particular ammonium carbonate seemed peculiar. In 
no other salt solution, except ammonium hydrate, could I see a simi- 
lar result. Neither ammonium chloride, ammonium sulphate, nor 


sodium carbonate would produce any similar effect. The nucleolus 


never disappeared as it did in ammonium carbonate. I found, how 
ever, that if a slide which had on its under surface a hanging drop 
containing starfish eggs was placed over sea water containing am- 


monia, the nucleoli disappeared as if by magic, and later the whole 


egg dissolved. This experiment shows that this particular pharma- 


i 
cological action is due to the ammonium hydrate. This observation 


is of interest in that it is, I believe, the first time an agent has been 


found which has such a specific action on one of the nuclear 
structures. 

rhe question comes, therefore, to the determination of what it Is 
in the ammonium hydrate which gives it its action. Both the ammo- 
nium and hydroxyl ions may, I think, be disregarded, since thé fact 
that neither ammonium chloride nor sodium hydrate produces any 
similar action shows that these ions are not causing the effect. 

Further evidence that the action of ammonium hydrate is due 
neither to the ammonium nor the hydroxyl ions was obtained by 
a study of the action of the hydrate on muscle. If a frog’s-gastroc- 
nemius is suspended in the ordinary way, attached to a lever so that 


the contraction registers on a drum, and then 2 c.c. of a “% solution 


of ammonium chloride is allowed to run over the surface of the 


i 


Pharmacological Action of Ammonium S§ 
muscle from top to tendon, no shortening occurs If, 
ammonium hydrate of strength is applied, a short 
followed by a slow relaxation takes place. An solut 
nium hydrate is generally too weak to cause any contract 
contraction of the muscle is not due either to the amn 
or to the hydrate ion, for neither ammonium chloride not m 


drate of ,”. strength produces the contraction, although the number 


of ammonium ions is vastly greater in the first, and the hydroxyl ions 
in the second, than in ammonium hydrate. 
Furthermore, the following experiment s 
part passu with the number of undissociated molecules of NIH,OH 
present. To an ’ solution of ammonium chloride ammonium hy 
drate was added sufficient to make an ,”. solution. The number of 
undissociated NH,OH molecules in such a mixture is greater thar 
in the ,” ammonium hydrate by itself. When such a solution 


le, a marked shortening results, although at 


applied to the mus« 
nium hydrate of the same strength is ineffective, or nearly so. There 
can, therefore, be no doubt that an increase in the number of vz 
sociated ammonium hydrate molecules means in this case an incre 
action. 

Similar experiments have been tried upon the motor nerve of thi 
frog, with closely similar results, as shown in Experiments I-III The 


addition of ammonium hydrate to ammonium chloride greatly in 


62 A. P. Mathews. 


creases the toxic action of the chloride upon the nerve, whereas 


sodium hydrate, in concentrations containing more hydroxy] 


ions 
than this strength of ammonia, does not increase the toxicit yf 


sodium hydrate. 


Che question which has not been solved is whether the toxic action 
is due to the undissociated ammonium hydrate molecules, or to the 


NH, formed from it. I think this question may be answered pro 


visionally, although it is impossible to determine it directly, 


Can see. 


EXPERI [EN] 
NH,OH 5% 
‘ ec 60 
30) 1.6 72 
“ 2.18 64 ‘ 2.16 N rit 
30 N rrital 
EXPERIMENT 3 
Minin 
Solut Solut rin 
Nat 7 Nal 79 
NaOH 
‘ N 11.39 N ¢ 


Ammonium hydrate is constantly dissociati to water 


When this dissociation takes place, there is an inst t Ww the 


} 
trogen atom which tormerly bD 


bonds on the 1 


or open, there is a moment, in other words, when the N 
water exist in a nascent form, betore th two \ 

saturate themselves. The chemical reactions of ammonia | 

due either to the saturation of these t » tre valenck 

stances added, as for example hydrochloric acid, or to the re 


ment of one of the hydrogen atoms. Ammonium hy 
other hand, enters into combination, only by m¢ fits NH 
hydroxyl ions, which are in this case ruled o 

It is, therefore, probable that the action of the ammo I \ 8 
is due to the dissociated NH. present, and part 
of this substance in the moment of its origin, when the es 
the nitrogen atom are open or dissociated 

rhese experiments show that the pharmacological actions of amm«¢ 
nium compounds are due, in part, to the ammonium and a 
present, but that certain pharmacological effects and presumably the 
characteristic stimulating action of ammonium salts run_ parallel 
with the amount of undissociated ammonium hydrate present in the 
solution and formed by hydrolytic dissociation The action of the 
ammonium hydrate is in its turn to be ascribed probab!l S 
the chemical action, to the NH. formed by dissociation of 
drate, and probably to the NH, in nascent state when the valen 
of the nitrogen are open. The action of ammonium pout 
not, therefore, contrary to the principles of pharma 
quoted at the beginning of the paper, but necessitat e recognitio 
in addition thereto, of the pharmacological action of 
ticles which are non-ionic, or rather twin-ionic, such as NH 
particles. The well-known greater activity of the free i 
contrasted with their salts is, in my opinion, to explain 


I 


same way, the alkaloid splitting off water and having thus tre 


nascent bonds in its nitrogen. 


THE RHYTHM OF THE TURTLE’S SINUS VENOSUS IN 
ISOTONIC SOLUTIONS OF NON-ELECTROLYTES. 


By H. E. EGGERS. 


CONSIDERABLE portion of the more recent investigations of 

the heart rhythm has been devoted to attempts to illustrate the 
mechanisms of the normal rhythm by the production of artificial 
rhythms in non-automatic tissues by various means. From the fact 
that non-electrolytes (sugar, urea, glycerine, etc.) in isotonic solutions 
do not produce rhythmic contractions in non-automatic tissues, and 
the further fact that such rhythms are produced by some of the inor- 
ganic salts of the blood, some physiologists have been led to look for 
the immediate stimulus to the heart rhythm in the inorganic salts of 
the blood (or rather of the heart tissues). Carlson! has recently 
pointed out that this view rests on very meagre evidence. It is to be 
hoped that the study of artificial rhythms will ultimately throw some 
light on the mechanisms of the normal heart rhythm, but direct evi- 
dence can be obtained only by studying the normal automatism. 
The fact that sodium chloride will produce a transient rhythm in 
non-automatic muscle is no more a proof that this salt bears this same 
relation to the normal heart rhythm than the fact that a muscle fibre 
can be made to contract by direct action of the electric current is a 
proof that the nervous impulse is an electrical current. While the 
non-electrolytes do not produce rhythms in non-automatic tissue, it 
is common knowledge that the automatic parts of the heart continue 
in activity for some time in isotonic solutions of such non-electrolytes 
as the sugars. It is usually assumed, however, in this case that the 
non-electrolyte is neutral, and that the rhythm is maintained by the 
electrolytes within the automatic cells or within the tissue spaces. 
But Carlson has shown, for the automatic as well as for the non- 


automatic tissues of the Limulus heart, that neither sugar, urea, nor 


1 CARLSON: This journal, 1906, xvi, p. 221. 
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cally isotonic with the serum of the animal. The solutions were 
chemically pure, for the most part of Schuchardt’s preparation. The 
water used was redistilled in glass. 

Work was done with solutions of cane sugar, dextrose, levulose, 
urea, and glycerine. The action of the different sugars is practically) 
the same both quantitatively and qualitatively. Urea and glycerine 

| fths rigina lracing from s sinus I 

) s¢ \ i i 
act with much greater rapidity than do the sugars The primary 


action of glycerine, moreover, appears to be different from that of the 
other non-electrolytes. 

In considering the action of these solutions on the rhythm of the 
sinus tissue, the effects on the rate and on the amplitude of the beats 
will be taken up separately. That to some extent the two are inter- 
dependent is of course obvious; but differences of such a character 


were obtained as could not, it is believed, be explained on this basis. 


FIGURE 2.—O vil original si Tracing from the turtle’s sinus immersed 
i sotor s t nf la S ving ( il periods of rapid rhythm a 
ng with periods lies 
1. Effect on rate of beat..- Urea and the sugars augment the 


rate of the sinus rhythm. The rhythm is at first perfectly regular, 
but finally becomes irregular and apparently assumes the character 
of fibrillar contraction (Fig. 1). In other words, the sinus eoes intoa 
state of delirium. That this irregular rhythm actually partakes of the 
character of delirium cordis could in some instances be seen by direct 
observation. This irregular rhythm is followed by temporary or 
permanent cessation of the automatic activity. In some of the prep 
arations exhibiting the temporary cessation of the rhythm the al 
ternating periods of activity and quiescence were continued for a 
considerable period before the final stoppage of the rhythm (Fig. 2). 

In the case of glycerine no primary augmentation of rate, aside 
from delirium, was observed. The rapid onset of delirium in the 
elycerine solution is illustrated in Fig. 3. 


>, Effect on the intensity of the beat.— All the sugars used pro 


1: 


duced a primary augmentation of the amplitude of the contraction 
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ganclion is brought to a standstill much quicker by the urea than b 
the glycerine solutions. Hence for the turtle’s sinus the duration of 


automatism in these solutions does not bear a direct relation to the 
rate of diffusion of the blood salts into the solutions or the rate 
diffusion of the electrolytes themselves in distilled water, or in ~ 


sodium chloride. 


Chere is considerable individual variation in the length of time that 
the sinuses from different specimens continued in activity in the solu- 
i 
| \ 
f 
i lex t f 
€ t icl tror ss 
t ros i t extr 
ul lutior 
tion of the same non-electrolyte.' Part of this difference is, in al ( 
bility, due to unavoidable injuries to the tissue in preparation, as it 
was observed in the case of the two halves of the sinus from the sam: 
specimen. But, other things equal, the sinus from a vigorous spe 
men continues in rhythm in any of the solutions for a neer time 
than the sinus from a specimen in poor condition. The rate of action 
of these non-electrolvtes is therefore dependent on the co t 
the sinus, just as Carlson found to be the case in the Limulus he 
anglion. This is further shown by the fact that a sinus brought 
standstill in the sugar solution, then rendered active by immersion 
serum, and again immersed in sugar solution, does not main t 
ictivity in the second sugar as long as in the first 
In this connection an interesting phenomenon, observed with one 
of the sinuses in urea solution, deserves mention. The sinus in 
mediately following excision was left in the urea solution till 
r si S s De ybser ea eas 
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exhibits much less automatism than the former. As regards 
refractory state, therefore, there is no difterence, or at the most on 


a difference in degree, between the heart of this vertebrate and th 


invertebrate heart. These observations have now been extended to 
the higher vertebrates (amphibians, reptiles) with practically the 


same results. The frog heart and the tortoise heart are excitable a 


the beginning ot systole, just as is the case with the hagfish heart 


1 


and the invertebrate heart. The view that the systolic refract 


tor\ 
state in the vertebrate heart is a condition of absolute inexcitabilit 
is therefore untenable for many vertebrates, and will probably prov 


| 


untenable for a 
One series of the experiments was directed towards determining 

whether the refractory state of the heart is a property of the heart 

muscle or the nervous tissue or both. ‘The other series aimed 


determine the degree of refractory state exhibited by the differen 
parts of the vertebrate heart. If there is a causal connection between 
automatism and a refractory state in the sense of absolute inexcitabil 
ity, we ought to find this condition in the przmus movens of the heart 


} 
+ 


the sinus, or in mammals, the mouth of the great veins, and we would 
expect a less degree of refractory state or even none at all in parts | 
of the heart not automatic, for example, the tortoise ventricle, or the 


apex of the frog ventricle. 


I. Tne Tissues IN THE HEART CONCERNED IN THE PROPERTY 


7 tomatic heart ganglion of Limulus « vf 
systole. lor the experiments demonstrating this point the dorsa 


nerve cord or ganglion was isolated from the heart muscle except in 


the first two heart segments, which were used for recording e 
ganglionic rhythm. The heart muscle was transsected in the middle 
] 


of the second segment, and the part posterior to the lesion removed 


This leaves the ganglion on the posterior end of the heart 
it can be placed on the electrodes and stimulated without the stimulus 
reaching the heart muscle, while the connection of the ganglion with 
the musculature of the first two segments insures accurate records of 
the activity of the ganglion. This method of preparing the heart is 
described in more detail in my report on the action of temperature 


variations on the Limulus heart.! 
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of systole, it is practically ineffective, while towards the end of dias 


ole (¢) the stimulation not only shortens the diastole, but produces 


a supermaximal beat. 
It is equ uly easy to demonstrate that this refractory state of the 


ganglion is not a condition of absolute inexcitability If induce 
shocks of sufficient intensity are used, supermaximal beats are pro 


duced by stimulating the ganglion at the beginning of the mu 
] } + 
systole. It may be urged that these experiments do not show tha 
the ganglion is excitable at the very beginning of the discharge, since 
it is bein stimulated an appreciable time after the beginning. | 


have tried to demonstrate an absolute refractory state in the vangiion 


by stimulating it a fraction of a second before the beginning of the 


muscular systole so as to make the stimulation coincident with the 


beginning of the discharge, but if the induced shock was strong enough 


I never failed to get the supermaximal beat. The fact that the gan- 
elion can be tetanized with the strong interrupted current also tends 
to show that refractory state of the ganglion is not absolute. 


A typical tracing showing supermaximal beats following a strong 


induced shock sent through th eanglion at the beginning of 1¢ 
muscular systole is reproduced in Fig 

the heart S and ne plexus ta 17110 
Of reduced excitabilit th cginning of systol, This result 1s 
obtained from all regions of the heart. Nor is it necessary that the 
ganglion is intact in the region stimulated. The ganglion may be 
extirpated in the first two segments and the heart muscle removed 


for a distance of one or two centimetres in the third segment, leaving 


the anterior end connected with the ganglion by the lateral nerve 


plexus only, and this ganglion-free anterior end exhibits the same 
on of reduced excitability at the beginning of systole as the 


conatt 
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the ventricle to the action of chloral hydrate.! According to Rohde 


the physiologic al properties peculiar to the heart tissues are abolished 


1 


by chloral hydrate before contractility and irritability are abolished 


Che refractory state is shortened if not altogether abolished, 
or-none law fails, and appropriate stimulation produces superposition 
and tetanus. Rohde interprets these results as due to the paralysis 
of the nervous tissue in the frog’s ventricle by the drug before th 
muscle is paralyzed. On this assumption the refractory state and 
the other properties peculiar to the heart are properties of the 
tissue or of the nervous and the muscular tissues as long as 
retain their functional relations, but when the heart muscle is isolated 
from the nervous tissue it responds to direct stimulation like skeletal 
and smooth muscle. Schultz,? working in Howell’s laboratory, has 
repeated Rohde’s experiments, using the frog and the terrapin ven 
tricle. Schultz’s experiments practically confirm the results of Rohde, 
except on the one point touching the complete abolition of the sys 
tolic refractory state. According to Schultz, the ventricular tissue 
retains the characteristic refractory state in chloral narcosis as long 
as contractility is retained, although the drug shortens the duratior 
of the refractory period. Thus summation of the contractions is pro 
duced by stimuli reaching the ventricle during the latter third of 
systole. The tracings published by Rohde (Fig. 2 b) do not prove 
that the “ shortened absolute refractory period” in the sense that 
term is employed by Schultz is abolished, because in these recoris 
some of the stimuli that give rise to the supermaximal beat reach the 
heart in the last third of systole 

I have shown in a previous paper that Rohde’s theory is completely 
substantiated by the action of chloral hydrate on the tissues in the 
Limulus heart, this drug paralyzing first the ganglion, then the dorsal 


or superficial nerve plexus, and lastly the heart muscle.* I am not 

in position to state whether or not a systolic refractory state can 

demonstrated in the Limulus heart muscle after paralyzing the 
nervous tissue by chloral hydrate. The contractions of the heart 
muscle after such paralysis of the ganglion are those called forth by 
artificial stimulation, and it is difficult to obtain a uniform series of 
contractions, even when great care is taken to have the stimulus of 


uniform intensity. 
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as the augmentation of it. Hence, 
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1 normal automatic contraction diminishes 


contraction, it is demonstrated that 


responds to the strong induced shock at the beginning 


[he tortoise ventricle is therefore excitable at the beginning 
of systole, and the refractory state in this ventricle is only a con 


of greatly diminished excitability. 
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(necturus) differ from the tortoise ventricle in this regard. brea 
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ventricle and the auricles. Supermaximal beats, apart from ton 


contractions, are, if anything, more readily produced by stimulatio 


during systole in the auricles than in the ventricles. In the case « 
the auricles of the snapping turtle, however, I have been unable t 
produce supermaximal beats apart from tonus contraction by stimu 
lation at the beginning of systole. This stimulation produces dim 
nution of the contraction just as in the ventricle of these animals 
Che sinus venosus of the amphibians at my disposal (frog, toa 
salamander) is small and delicate. Isolation from the auricles at 
the veins for accurate graphic record of the rate and amplitude 
the contractions is therefore diflicult without injury to the sinus. 
My observations on the sinus venosus of these animals were therefore 
few in number and inconclusive in results The sinus of the large 


snapping turtle is easily isolated and strong enough for the ordinat 
I > 


~ 


graphic method, and the same may be said of the sinus of the smalle: 
mud turtle. Numerous experiments were made with the sinus 

nosus of these animals. The sinus of the snapping turtle exhibits on 
the whole the same degree of systolic refractory state as the auricles 
and the ventricles of the same animal. That is to say, even the very 
strongest induced shock at the beginning of systole fails to producs 
a supermaximal beat unaccompanied by tonus contraction. But this 
stimulation may diminish the strength of that beat just as in the other 


parts ol the heart (Fig. 9) Che sinus of Cistudo exhibits a differ- 


ent response to stimulation during systole. Even moderately strong 


} 


induced shocks sent through this sinus at the beginning of systole 


produce a supermaximal beat not accompanied by tonus contracti 


(Figs. 7,8). A stronger induction shock produces in addition to th 
supermaximal fundamental beat a tonus contraction lasting for many 
minutes. But even in this case the supermaximal beat is not the re 


sult of the addition of the tonus to the normal fundamental contracti 


because the added amplitude is greater than the tonus contractior 


even at the end of the subsequent diastole, and the tonus contrac 
tion reaches its maximum only after the lapse of minutes. Bott 


describes numerous smooth muscle cells among the striated heart ce 
of the tortoise auricles, and is inclined to believe t 


tractions of the auricles are due to the contraction of this smoot] 


muscular tissue while the fundamental beat involves the striated cells 


only in case the same anatomical conditions obtain in the sinus 
it is obvious that if the supermaximal beats produced by stimulatio1 
\ t e | 14 
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hy) The same is true of the sinus venosus of the mud turtle, 
already pointed out, and will in all likelihood be foun be true t 


the automatic end of the heart of other vertebrates. The excitab 


t 


of this sinus at the beginning of systole is not lue to stimulation 


the smooth or supposedly non-automatic muscle cells ol 


the sin 


walls. 


(c) The tonus rhythm of the tortoise auricles does not 


absolute refractory period in the systoli phase. ! [The mechanism 


the normal heart tonus is as yet largely a matter ol conjecture. 


Limulus heart seems to show that the motor nerv -centres 


heart have the same relation to the normal tonus of the heart 


ag has the central nervous system to the normal tonus of 
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muscle. On the side of contraction the tonus in the heart 


concerned in the fundamental 


volve the muscle cel 


the smooth muscle cells scattered throughout the heart, as sugge 
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by Bottazzi. In either case, Porter's observation modifies the 
f least as regards the 


mon conception of the relractory state, at 


toise heart, a fact q appears be overlooked by Howell 


Schultz. 
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DIVISION, MATURATION, A y FERTILIZAT 
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While the morphology of mitosis iS \ e! ry f 
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eariier t] Cory of H yppe-Seyler based chiefly up 
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piration is probably due to at least three distinct factors 


first, toa strong reducing substance, which must be constantly pr 


abolism. This subs ce is inall likelihood ac 


luced by cell met 
compound, and has the power, possibly Dy setting free 


valencies of a carbon atom, of attacking water, oxidizin 


setting free nascent hydrogen. What this substance is, where 


is located, and whether there is one or several such substances 
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unknown, except that it is probably produced by, and exists primari 


in, the region of the nucleus, which, as is well known, 
in “the most strongly reducing part of the cell. S 
oxidases. ‘The manner of action of these substan 
position is still uncertain, but there is no doubt that 
in cells substances whose presence enormously hastens 


of atmosphert oxygen on the cell contents. These oxidases are 
probably formed by, or are a constituent of, the cell chromatin, s 


Spitzer,! Lillie,* and Croftan,® among o 
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the observations of 
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Croftan’s observations, particularly, seem to show that one 
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Cell Division, Maturat. mad fertaliza )3 
with a large n le iS The « S ) t. as , ' 
urate the ovary, but only atter s t 
pus the « eos are shed they become a tt more 
ly ripe, the germinal vesicl \ 
disappears In the course of ten minute Phe il Dt ! 
with the cytoplasm; the nucleo mad adisapypr 
chromatin dissolves tor the most part; the maturat pil 
formed, containing a small part of thi romatli! il tw 
bodies are extrude Che whole process to this | t tak t 
The nucleus then re-forms at first a 
Dee the centre of the egg. Fort 
Rees es to increase in size unt ts diamet 
at of the germinal vesicle. Thi 
period @™ cell protoplasm remains clear and trai irent, but a t 
eight or twelve hours after the maturat has begun, tl t 
| and more opaque, and if not disturbed it fin 
coarsely paque, an mass 
of the process of maturation nsists 
as pointed o it by we, nthe d } ree into t ] 
the whole of the nucle ir sap, th creater part of the it { I 
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spindles \t maturation, therefore, two portions of 1 o 
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‘sos will mature in pure solutions of calcium chloride of 


centration. I attempted, however, to cause maturation 


this to oxygen directly, but without success. 


+ 


scative result, however, I do not regard as conclusive, owit 


fact that it was tried early in the summer at a time when the ovaries 


‘re not in very good condition, There is, however, no doubt that 


free oxygen is essential to the beginning of normal maturation, and 


that the first visible sign of maturation consists in the disappearance 


ot the membrane of the germinal vesicle at a point where it comes 


nearest to the surface of the egg. It may be recalled in this con 


nection that mechanical shock is able to inaugurate maturation in 


eggs which normally do not maturate, and that such eggs show on 


section ruptured germinal vesicles.” 


DoES AN OXIDASE ESCAPE FROM THE NUCLEUS 
DISSOLUTION OF THE NUCLEAR MEMBRANI 


come now to the second question as to the nature of 


produced in the cytoplasm by the admixture of nuclear mate 


a change which leads to the early death of the egg 


>? 


if the latte: 
not fertilized, and which so totally changes the potentiality of the 
cytoplasm. That the cytoplasm after maturation does differ markedly 


from that existing before fertilization is shown by its behavior. 


acquires the power of forming a fertilization membrane ; 


able conditions it can generate asters; it becomes capable 
. } 17 ° 
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There can be no doubt, I think, from these experiments, that at 
maturation a substance which greatly hastens the action of atmos- 


pheric oxygen upon the cell cytoplasm is poured into the cytoplasm 
from the nucleus, or at any rate becomes active in the cytoplasm as 
a result of such an admixture. A substance which thus facilitates 
oxidation is called an oxidase. Inasmuch as no means are known of 
producing such a change in the cytoplasm in the absence of nuclear 
admixture, | believe the most probable conclusion is that at matura 
tion an oxidase escapes from the nucleus and spreads throughout the « 


cytoplasm, and this oxidase, in the presence of oxygen, leads, if its a 


27S not he hed, Li thi ae ath of the ’ 


&° 


Ht ONXIDAS! rHUS PHROWN INTO THI CyTOPLASM 


HE FACTORS IN THE PRODUCTION OF THE ASTRAL FIG 


That the production of the sperm aster after the entrance of t! 
sperm is conditioned by the same factors as condition the early death 
of the egg after maturation, is shown by the following evidence 
Sometimes sperm will enter non-mature starfish eggs, or they enter 
before maturation takes place. In all such cases I have found, by an 
examination of both living and sectioned material, that the sperm 
does not form its ordinary large aster, but instead all that is produced 
is a very minute series of radiations in the neighborhood of the sperm 
head and formed presumably about the middle piece or centriole of 
the sperm. If, however, the germinal vesicle wall has dtsappeared 
spontaneously or been ruptured by mechanical shock, the aster begins 
to form as soon as the sperm enters, and normally its radiations 
shortly extend far out into the cell protoplasm. 

[his observation shows very clearly that there is a fundamental! 
chemical difference between the protoplasm of a mature and an 


immature starfish egg. Although the sperm carries a centriole 


into the egg or for -ntriole soon after entering, this is in 
capable of forming a good-sized aster unless the nuclear wall has 
disappeared and the nuclear sap has spread through the cell. Indeed 


it may be said that, from this point of view, the egg partially fertilizes 
itself by the contents of its germinal vesicle. 

The impossibility of forming an aster in the immature cytoplasm, 
as contrasted with the cytoplasm after maturation, has been found 
also in artificial fertilization. Thus starfish eggs do not undergo 
artificial parthenogenesis by the action of acids or other agencies, 
unless maturation has occurred or at least begun. Similarly Yatsu 
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radiations is noted. Thus, Miss Foot ! states th i 4 


time of the conjugation of the pronuclei, the sperm astral centre 


totally disappear; the asters of the first segmentation nucleus are 
new formations. 

In Thalassema, according to Griffin,” the asters become smaller ar 
less distinct and grow again greatly after the dissolution of the mem 
branes of the nuclei. F. R. Lillie® states for Unio that the sperm 
asters undergo retrogressive metamorphosis, and as they disappear the 
yolk granules flow in and gradually obliterate all traces of the clear 
areas where the asters were. The centrosome disappears completely 
rhe first segmentation asters appear as new formations. In Bufo,? when 
the pronuclei are in contact, every trace of radial systems disappears 
(he asters are round masses surrounded by pigment granules whicl 
rormerly made the rays. When the nuclear wall disappears, the astri 
spheres increase enormously in volume and rays appear. 

These observations indicate clearly that one of the factors of 
formation of asters, both in the normally fertilized egg and in cells 
not fertilized, is to be found in the nucleus, presumably in the nu 
clear sap, since the change in the protoplasm extends throughout the 
egg 


activity of the aster, whatever be the origin of the | 


substance. The admixture of this sap enormously stim 


sperm or from the egg itself. 

It is, therefore, the action of the nuc! 
enables the sperm to perform its essential ac fertilization, namely, 
the development of asters, and which le to the death of the egg 
if this act is not performed. I will now show that the essential 
cesses involved in these two cases are also parallel in that 
dependent for its fulfilment upon ati 
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very small amounts of it prevent the oxidation of guaiac by ozonized 
turpentine and blood. The Hertwig brothers! long ago observed the 
peculiarly poisonous action of quinine on dividing ova. In repeating 
and extending their observations, I was astonished at the very rapid 
fading out of the astral figure produced by this poison. The radia- 
tions disappeared as if by magic, and the cell disintegrated very 
rapidly. No other poison which I examined was quite so fatal to 
dividing cells as quinine. 

Che following experiment illustrates the action of various drugs on 
the astral radiations and the life of dividing starfish eggs. 


A very fine lot of starfish eggs which maturated very uniformly 


were fertilized at 8.30. They were placed in the various solutions at 
11.14, about ten minutes before division. Large asters had appeared 
in some cells; in others the nuclear membranes had not disappeared, 
and the asters appeared as small, clear areas with small radiations at 


the nuclear poles. 
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The prece ling experiment shows the astonishing fact t ju 
sulphate toward dividing eggs is more poison 
carpine, caffeine, physostigmine, aconitine caine, veratrin, or strycl 
nine. Its power of checking cell division even greater than 
cvanide. It is indeed surprising that quinine, a di \ ; 
taken with impunity in relatively enormous ses by m vals | 
be so extraordinarily poisonous toward diy lls of the sea-urcl 
and starfish. he etfect of t lrug on t istral f re ilmost 
instantaneous. \ dilution of one part of 1 Iphat 
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prevent segmentation Qn the other hat ral iconitin, t 
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A lot of ripe starfish eggs were fertilized just after the germinal 
vesicle membrane had disappeared. Just before division, when most 
of the eggs had very large asters in them and radiations extending to 
the periphery of the egg, I put them in sea water cooled to +2° ( 
After twenty-five minutes’ exposure to the cold I examined them 
Nearly all eggs were undivided. The great astral radiations had dis 
appeared, and only clear areas without rays could be seen, generally 
two in each egg. I then carefully warmed the slide on my hand. 
The rays began to appear almost at once, and very soon enormous 
astral radiations appeared about each centre, and division took place. 

Some eggs were left for three hours at +2° to +5° C. In these 
eggs three or four clear areas without rays could be seen. On warming 


rays appeared about each centre. 


THE NATURE OF THE CENTRIOLE. 


We have thus far been able to trace two elements of respiration in 


cell division: the oxidase, formed by the nucleus and thrown into 


the cytoplasm, and free oxygen. There remains the other element, 


7, ¢., the reducing substance, the substance producing nascent hydro- 
gen, to be accounted for. It occurred to me that that substance might 
ye the centriole. If that were the case, the astral centre should show 
a strong reducing action. 

I can find very little evidence of the chemical nature of the cen- 
triole. From its staining reaction and digestibility in pepsin-hydro- 
chloric acid, it is not apparently a nuclein, but, as Zacharias ! maintains, 
an albuminous substance. It may, however, be like the oxidase, an 
albuminous derivative of the chromatin. It is not even certain that 
all the centrioles in the cell have the same chemical composition. If, 
as is possible, the centriole has a reducing action and causes the 
astral figure in virtue of that fact in the way shortly to be considered, 
any reducing substance, whatever its chemical composition, would 
have a similar action. <As there are certainly several reducing sub- 
stances in every cell, it will be seen that it will not do to assume that 
all centrioles have the same composition. 

In the literature I find but a few scattered observations on the 
possible reducing action of the centriole, or centroplasm. It is of 
course well known that the interior of the egg in which the asters 
normally develop has during life a strong reducing action. Ehrlich’s 
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l'urther evidence ot s value was obtained In the following w 
rhe prot yplasm ft these eggs consists of a ymogeneous matrix 
in which myriads of minute granules of varyin zes are emb 
If we knew whether these granules were electronegative or elect 
positive, we might infer from their behavior whether the ast 
centres were oxidizing or reducing, since all oxidizing regions 
be electropositive 

lhe behavior of these granules is extremely interestil Originally 
the ire distributed evenly all throu th cyt lust 
howe\ r, as the centriole appears, the lear hot oY ous protopiast 
begins to gather around it, and the granules move away or dl ip] 

im the neighborhood of the aster. The result is that finally 1 
asters and spindles are left in tliiiidst of a clear ymmogeneous p 
toplasm which ts entirely free from these granules 

his clear area can only have arisen by the granules moving out 

y\ ward and the clear substance inward toward the centre or by the d 
" solution of the granules in the clear substance. I was unable to satisfy 
myself which of these processes took place, but I am inclined to thi 
that both occur, although I could not actually observe with enti 
certainty the solution or movement of any singie granuie. 

It is well known that if the centre is reducing, it will act as a nes 
tive electrode; if it is oxidizing, as a positive electrode. If tl 
CMM are electropositive and the centre is a reduction centre, th 
Po suld be attracted toward the centre, and should fuse int 
larger granules near the centre, following the well-known behavio 
of colloidal particles and suspensions toward electrodes. If, on th 
other hand, the centres are reducing, the granules, if electronegati 
will be repelled from the centre, they will move outward, and s} 
grow larger toward the p ‘riphery of the end, and tnose near the centre 
should dissolve if they cannot move away Che first point, theretore, 
was to determine accurately the character of the charges on the 
granules 

lo determine this point I used the various stains, and I quickly 
found, as had been by Fischer and 
Overton, that the dives. Indeed this 
is the easiest method for telling an acid from a basic dy 
One puts the starfish eggs ina 3 per cent solution of the dye, 
lows them to remain five minutes, and then examines in fresh s 
water No acid dye stains. I used the following dyes 
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appears that t yrotoplasm of these eggs cannot produce 


large aster, unless at least three factors coexist, (1) a 


derived from the nucleus and only active in the presence of oxygen, 


probably therefore an oxidase; (2) free oxygen; and (3) the sub 
stance of the centriole. No two of these factors alone can in these 


eggs produce the formation of an aster. Concerning the nature of the 


> 


+ 


substance of the centriole, no conclusive evidence exists, but wha 
facts there are indicate that it is probably an albumin and 
has a reducing action. 

The facts suggest that the egg during its period of growth forms 


in the nucleus, by its metabolism, two important substances, an oxi- 


dase and the substance known as the centriole. As long as the egg 


remains in the ovary of the starfish, the germinal vesicle wall persis 
and these substances cannot find access to the cell protoplasm wi 
sufficient rapidity to produce cell division. When the egg is shed 
however, oxygen gets entrance to the egg, and owing tothe eccentric 


position of the nucleus, it gets access to the wall of the germinal 
vesicle. A chemical change, possibly an oxidation in the latter, 
once set up, leading to its dissolution. Upon the dissolution of 
membrane a mingling of the nuclear contents with the 


takes place. Among the substances thus set free are the 
of the centriole! and an oxidase. The latter spreads th 
protoplasm, and in the presence of oxygen produces in it an oxi 
which if not checked leads to the death of the cell. Meanwhil 
centriole acting on the cytoplasm in the presence of the 
free oxygen gives rise to the astral figure, possibly owing, 
suggests, to differences In electrical potential. \t the 
maturation the centriole substance is itself either completely oxidized 
or otherwise rendered inert. It disappears. The nucleus re-forms and 
at once begins the same cycle over again. It actively 
more oxidase and particularly more 

There is, however, now no agent to caus 
of the nuclear wall. While the nucleus continues 
tabolic products, the cytoplasm is being oxidized 
discharged into it and is finally killed. If, however, 
be ruptured by mechanical shock at the 
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S publication yt Nhat paper, made additional observa 
I 
which throw some more light on this process. I have found t 
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lerahle f the cvton!) rticnl the nerinher 
siderable portion of the cytoplasm, particularly in the peripl! \ 
W Lit tna avout nucieus, W 
is |e MRM), remains clear, rounds itself off, divides, and fort 
os, generally varf and abnormal in shape. 1 
this observatl is to show that the change bi 
about Dy mechanical shock Involves primary the nucieus and 
to the mingling of its contents with the cytoplasm, the 11 t 
resu Celi GIVISION simpossloie To Cause artinclal pal 
genesis in Arbacia by mechanical shock, for the reason that s 
shock does not disrupt the nucleus, and the nucleus itself is 
parentiy quite inert. here is no question of the efficacy of 1 
chanical sir K In producing artificial parthenogenesis 1n the Start 
] +} ] +} } } ] + + 
eogv, and I think there can be no doubt that it is not a questior 
CQ, formation, as Loeb suggests, but the shock itself which caus 
this result 
The conclusions of this paper are also of interest in the matter of 
tificial rt} hy lasts 1 f, +} f tery 
ar Clal parthnenog: SIS DV Sa solutions ana the tormation ot ast 
DY SU solutions in pieces of ft mature egg, as described by W 
SO In mv opinion the actior t the various agencies which set | 
artincial parthenogenesis cannot e explained if these Tuncam«e 
chem i chat yes are negiectea., phe opinion expressed M rea 
; that we are « uinge with one tul imental chemical process, and that 
this may be set up in a variety of ways by various means or stim 
appears to me well founded. Anvthing is a stimulus which eftect 
this fundamental process, the (in a certain way, 
aitho h the direct physical ettect of the agent on the proto 
cannot, of course, be neglect 


morphological 
thenogenesis. 

to the cent 

the nucleus. 

plasm so slowly 

keep up normal respiration 
state. They are consumed 
rendered inert 

cumulation of 

The amount of these sul 
in the cytoplasm, and at 
dissolution of the nucle 
vorable conditio1 


marked disturbance in respi 
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the centriole. The centriole, in ot 


amount of the ive reducing sul 


may also be assumed, from analogy 


nat this ce Ol ubstance exists 


atea and 
from the ir 
inactive wl 


the del 


I woul suggest the fol { 
1sma titi that thev suflf 
is they ] il 
ances 1n t ! reatel nt t 
wali, gets into th vtoplas | { 
renatl set pt 
ees ration and forms the aster. it 
in inactive naissociated torn t it it rea 
t t to the active condit it Tor cat 
n ydrated, Just, tor example, Is inact 
] + + 
ydrated radical NH, is act It is nvel 
} + + ‘ + ] 
form taking out water Dy stro ms o1 er a 
the active form 1s the stron re Ing § tance asa I 
seniration | rcp nix ¢ ] nt 
respiration. 1s, of ¢ irse, ONLY a sugges » 
duction isters In enu leat fon ment | ece two « 
entriole or reducl substance may neq vit 
presel tne ( al with } t e i nat 
I mass of the water, the more of the part ‘ \V t 
! or inactive form; 1 smaller the act mass of t \ 
ot the particies wl Will become active, t t , Sti 
By the addition of salts su is Ma e 
is OW! LU) i} til Val 
molecules of the sait juent eof t 
¢ We sari +} + +1 +] ] 
monaster if they are diffused | ett I t ( i 
4 } i 
i 
’ {iu i il 
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eg 


ggs, owing to the fact that not sufficient oxidase and centriole su 
stance is in the cytoplasm. 

According to this view, then, all agencies for artificial parther 
genesis are effective primarily because they succeed in liberating 


the cell cytoplasm active reducing centriole substance. They may 


liberate it there either by causing a rapid discharge of it from t 
nucleus or by rendering the inert substance already present active 
The sperm is able to fertilize because it brings in active centriole su 
stance itself, and a nucleus capable of forming more. 

This hypothesis appears to me to give a tentative explanation 
both natural and artificial fertilization and to harmonize the experi 
mental results with the morphological changes observed. 


I may be permitted to point out, in closing, that these results ar 


supported by the observations of F. R. Lillie? on the discharge of 
substances from the cell nucleus into the cytoplasm, and that they 
furnish a basis for the explanation R. Lillie has given for the astral rays 
The rays appear to stretch from regions of intense reduction to regions 
of oxidation, —in other words, between an oxygen and a hydrogen 


electrode, and hence possibly to be of electrostatic 


SUMMARY OF OBSERVATIONS AND Cone LUSIONS. 


1. The inauguration of the maturation of the eee of Asterias when 


shed into sea water consists in the dissolution of the nuclear mem 


brane at the point where the germinal vesicle comes nearest to the 
surface of the egg. The dissolution of the wall is due to the ox\ cel 
in the sea water, since it does not occur if oxygen is absent. 


2. By the dissolution of the nuclear wall all but a minute portior 
+ 
OT 


the contents of the vesicle are mixed with the cytoplasm. Coin 
cident with this admixture the cytoplasm undergoes chemical and 
physical changes. The maturated egg becomes opaque and dies 


ten hours; the egg where the germinal vesicle remains intact lives 
for days. The early death of the maturated egg is greatly delaved 


if Oxygen is prevented access to the egg. It is therefore clear that 
among the substances set free through maturation is one which creat] 


facilitates the action of atmospheric oxygen on the egg 


Presumably, 


I 
| 


( ll Di: ZS2¢ Maturation 


neretore, an oxidase 


enters or when 
turated eg 


> 


vtoplasm of 


if quinine Is g 


Is readmittec 


itive granules in the 


and by 


ai parthenoge 


on the cell, but indirec 


centriole substance in 


from the nucleus. 


A basis is thus given for the ele 


tial assumed to exist by Hartog, Lillie 


8. These conclusions support those of Del 


but in addition give some evidence 


acting on the cytoplasm and formed 


on rupture of the nucieus 

subjected to dehydrat | 

Willi i till i 
maturat: starfish a n 
form large asters alter entra the sperm if [ree oxy 
[he astral radiations tade out and disap) ir if OXV¢ 11S raw 

a | . I infer from these servat s that the sperm 1 I 
+ + + + + 
to develop an aster \ ] l 
an oxidase. [he astra heure Is ‘nce the prod tin t © I 
three factors (1) centriole substance 4 i] x = I 
oxygen. 

4 lhe centriole substance is probably a stro! rea t 
and the substance which lies at the ttom of the ce espirat 
This is indicated by the fact that the centrosome lies 1 the | { I 
+! ] + ls +} } + 
tne Celi wnere reaquction 1S Stron DY) ne eNAaAVIOT 

it; HE other observations of its actio no acid 

5 The chemical basis of ci IVISIO! ; a y the I 
respiration, the astral fvure being a localized re on at t 

Which 1s intense reductio! 

6. It is suggested that the various methods employed t 
Meee tly by producing in one way or another a 
the cell cytoplasm, or 1using its ro 
ees, and Spaulding to explain t 
istral hgure 

ace most part 
the nature of t ta 


CONCERNING THE EXCRETION | 
DURING EXPERIMENTAL ACIDOSIS IN 


reason 


losphates are present 1n very ¢ 


of mono- and di-potassium phosphat 

+ ) + ] 
ires constitute a nearly neutral 
property of being able to t: 


without becoming acid or 


ne 


into mono-potassium phosphate 


ight acidity of the pure mono-potassium pl 


btained, and that en ugh alkali to convert all the acid 
ate into di-potassium phosphate must be added 
-action of the latter substance is obtained, 
ance with the requirements of the concentration |] 
the two substances are much more nearly neutral 


Accordingly, if acid is introduced into protoplasm 


strongly acid than acid potassium phosphate, it must in 


with di-potassium phosphate and similar substances formin, 


acid potassium phosphate according to the reaction. 


KuHPO, + HX KH.PO, + KX. 


Other substances, of course, such as carbonates ane 


without concern in the readjustment of equilibrium, 


there is good reason to attach to them a minor in 
in the first stages of acid intoxication when little acid 
tralized. Nevertheless a proper understanding of 


1L. J. HENpD! 


N a previous papet one otf 1 nas point I 
set in tl hosphates a sp ila 
n the body Briefly these mmmmmms are WwW 
ind sim < ts 
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quan 
facts ft t acid sufficient to convert all the tas 
phate of such a mixture iii es t be 
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ot 
+} 
me ite 
mit 
This 


114 Fitz, C. L. Alsberg, and L. Henderson. 


function among sucn s tances Is an Imp ant natter, andat present 


it is being investigated in this laborato 


In the process of getting ri l of acid from the b ‘the next ste 


would be to remove from the cells the excess of acid potassium phos 


phate or more precisely of H,PO, ions formed by the above process, 


t 
thereby restoring the equilibrium between mono- and di-potassium 


phosphate at its former level. It such a process should occur, either 
by a selective activity of the cell, or, in accord with the experiments 


of Maly,’ through the great diffusibility of acid phosphates, that is 


1 


say, of H,PO, ions, this phosphate, entering the blood stream, should 


1 


rapidly pass out of the body through the kidneys. It can hardly 


doubted that the cell will endeavor to restore the normal ratio between 
mono- and di-potassium phosphates in view of the desirability of restor 
ing the full normal power to neutralize acids. Moreover, thoug 
considerable increase in the amount of acid phosphate at the expe 
of the other salt must involve a very slight change in hydrogen ioni 
zation at most,” even this slight change can hardly be without influence 
upon the delicate catalytic reactions of protoplasm. Moreover, too, 
slight changes of this sort probably influence the colloidal organiz 
tion of ptotoplasm to a certain extent. Finally, it is clear th 
acid is to be removed from protoplasm without preparatory chem 
cal change it must leave in the form of mono-potassium phosphat 
chiefly, for there can be no doubt that in this form chiefly it exists 
protoplasm. 

Concerning the excretion of phosphates in acidosis, there is little 
satisfactory information, and nothing which conclusively indicates « 
direct influence of acid upon phosphate excretion. Interesting in thi 
connection are the observations of Teissier,? who noted in cert 


cases of diabetes inverse variations in the excretion of glucose on the 


all 


one hand and phosphoric acid on the other. It is far from improbable 
that in these cases the period of diminished elucose excretion and 
increased excretion of phosphoric acid was also a period of increased 
acid formation. 

From the above considerations it seemed possible that acid feed! 
would produce an increased phosphoric acid excretion in the ur 
which might be followed by a falling off in the excretion of phosph 


+ 
1¢ 


acid when the body could no longer spare that important constitue! 


MALY: Zeitschrift fur ph logische Chemie, 1877, i, p. 174 
2 See HENDERSON: Loc. p- 


TeEISSIER: Du diabéte phosphatique 
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ed by diluting the urine to 500 ( titrat 

muummt of phosphoric acid in 50 c.c. of th tion, 

nitrate and potassium ferrocyanide as an Indicator, a h f 

accuracy in the determ tions ben innecessary tor t ! 

hal 
The rabbit's weight, food, acid in , and phosph a 
tion day by day are re yrded in e 

It is clear that in all these cas there o rred, for a ] 
varying leneth, n long after the ning of the acid fee 
materia! increase t sphor icid excretion by the kid 
gemma ce increase for all four rabbits during the first fifteen 1 
becinning of the acid treatment is 55 per t 

y it 1S easy to see that there >a CONS lel il 
iS tna in i later le rease 1h ite excl tl 
our rabbits. At first the excretion is relat 
the gray rabbit, No. 2, indeed, slightly diminished ; lat 
it of hvdrochloric acid ingested rises, there is roe 
e excretion of phosphoric acid. There follows a | 
l excretion, the diminution in some cases bet t 
Finally, there is to be noted in two of the three rabbits, No. 1 \ 
just before death a marked increas » the phos i t 
not easily to be explained by the present msiderat ; | 
nomenon w hope to tu \ mnection wit the 1 trogen met 
MMM Jater investigation, One rabbit,7 No. 4 re a relative 
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? ac - IQS 
1445 70 0.28 
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1 In the tables the three stars indicate that on the days indicated the rabbits r IV 
from ten to twenty grams of wheat Che phosphate content of this food is much t 
small t t 1 in appreciabl ttect upon the results of the investigation 
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1906 


amount of acid for a relatively long time, and manifested particularly 


great variation in the phosphoric acid output. In this case the a 


1, whereupon the excretion of phos- 


i 


feeding was finally discontinue 


phoric acid sank even lower than before, and then gradually ros 
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SUMMARY. 


It is shown that the feeding of acid to rabbits produces first a mar] 
increase, then a marked decrease, in the excretion of phosphoric ac 
through the urine. 

It is pointed out that these observations are in accord with the 
theory that in the body phosphates are primarily concerned with the 
neutralizing of acid and with its removal from the body, and that the 
strongly support that theory. 


A sudden premortal rise in the excretion of phosphoric acid in 


cases of experimental acidosis is reported. 


One case of experimental acidosis is reported in which after 


reat fall in the excretion of phosphoric acid, upon disco 
» feeding of acid, the excretion of phosphoric acid sank 
an before and then gradually rose toward the normal 


bservation further supports the theory. 
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NEW DECOMPOSITION PRODUCT OF GLIADIN 
By THOMAS B. OSBORNI D ( LP] 
at 
B’ the action olf trypsin (pancreat ) oO Vari tein s 
stances Emil Fischer and Emil Abderhalder ed a 

substance of polypeptide nature w h contained f the proln 
elycocoll, and phenylalanine that could be detected in the hydrolysis 
it 

| ‘ne and Wallace nav recentiy investigated 1 prol l 
action of trypsin on gelatin and succeeded in isolating an exceed 

> 
ingly interesting substance which on hydrolysis yields proline and 
riy ol ind in which those two substance appe t ( nked 
with anhydride binding. Levene and Beatty? have further investi- 
rated the action of 25 per cent sulphuric acid ¢ eejatlil nd rea | 
the conclusion that after boiling a solution of 4 m. of gelatin 1 
3 litres of 25 per cent sulphuric acid tor twelve urs the hydrolys 
Is not effected to thea no-acids, but there s remain ibstance 
ot a peptide character (celatoses ). 
pe} 

In hydrolyzing our preparation of gliadin for the tyrosine’ deter 
mination by protracted yorliy the solution of the protein n rc 
per cel sulphuric a , we have succeeded in 18oiati 1 Cl e 

substance of defin¥tte iracter which on vigorous hydrolysis yi 
proine and phenyia i \\ ¢ Nnink provda ( 
substance is a dipeptide, as the hydrolysis indicates, and w ropose 
to investigate it more fully ; soon as we have ficient materia t 
our dls Sal [he Ol nis stance la opta 
tural Exper ment Stat the titut tf W t 1) 
FISCHI ABDERH EN: Zeit rift fur 
XXX1TX, ] 
LEVENE and WALLACE: J/did., 1906, xvii, p. 143 
* LEVENE and Beatty: /é7d., 1906, xlix 
OsborNE and CLAI I yurnal, 1906, p- 24 


124 Thomas B. Osborne and S. H. Clapp. 


gliadin is by no means insignificant, as from 1 kg. we were 
isolate about 4 gm. of nearly pure substance. 

One thousand grams of air-dried gliadin were treated 
mixture of 2500 c.c. water and 500 c.c. of concentrated sulphur 
and heated at 100 for about six hours, until solution was eft 
The solution was then boiled in an oil bath for thirteen hours 
the quantitative removal of the sulphuric acid with baryta the 


was concentrated and allowed The firs 
f 


tallization consisted almost entirely o 


filtrate separated more but mixed with varying amounts ¢ 
and leucine. From the latter substances the new de 


} 


product was freed by precipitation with phosphotungstic a 


The crude fractions were dissolved in a small volume ot 


sulphuric acid and phosphotungstic aci Ided as long as a 
formed.! rhe process 


the Millons reaction. 


posing with baryta In 


water was 
much m 
In long I 


modified 


beautiful 


free acid was then regenerate 
4 
tained pure It is very difficultly soluble te 
iublie 1n water at ryst es [rol t il 
t sms, sometimes perfectly recta ilar, tte 
other-of-pear istre much resembling valine 
the air, the substan contains a mo ¢ water, whl tne 
most part, ioses ll im over su I mpiet y al 
2909 l \ 5 bin) 
x yt n Y, t 19 at 
TT 
( ted for C,,H,,N.O HO: HO 6.42 
Found 7 
HO 
[| 2714 substance, dried at 125 6262 
1723 gm. 
gm bstan rieq at 326. { 6114 
16052 a. 
( FISCHI d E. ABDERHALDEN: Zeitschrift fii siolog 
1904, xlil, p. 540. 


The following crystallographic measurements we owe to . 
ness of Prof. W. E. Ford of the Mineralogical Laboratory of 


University: 


y - 
1\ 2432 em. substance, t 1260, 23 t N 
( lated for C,,H,,.N.O ( 64.1 N 1 t 
i I ( 6 ) 
1] ( ‘ 
( 1] ‘ 
‘ T \ ‘ 
1 \ 
The substance, on rapid iting, decomposes at 49 
with evolution of vas to red oil. The eit Ve\ 
siderably with the rate of cating, Whether it tl \ ert 
into a piperazine we have not as vet ascertaine 
Qn boiling the aqueous solution with « per hy . 
color at once appears, and on ncentration the copper salt se te 
we i€vel ea crys 5 OngIng I 
()n exposure to the air the deep blue crysta c \ t| 
As ; msequence the wate! terminat n mew 
the calculated for three ind ne-half 1 | » { 
can also be recryst iro bs ite 
Li. go ince, a 11,0) 
II] 1526 gm. tance, air dried, lost om. 11 
2731 gm tance, air dried, t 134 at 
Calculated for ¢ H,.N.O,Cu t 
‘ ‘ 
0.2017 om. substance, dr Latris, ve n. () 
>241 om. substance, dried at 115°, gave 1453 gm. CO roSt 
H.O 
Calculated for C,,H,,.N,O,Cu; C=51.92; H Loy: ¢ 19.65 percent 
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orthorhe 


: different types of 
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shown 
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hicker, 
thickness 
ubstance 


Its 


xanth 


» is readily soluble in dilute alkalies 
aqueo 


Is SOlution possesses no pronounced taste. It gives t 
oprotein reaction and the pyrrol-test with the spruce splin 
sublimation. he 

hydrochlori 
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substance 1s lavo-rotatory in 20 per 
acid. 
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The crystals of the copper salt belong to the orthorhombic system a1 
the le com nations of pl stl), 7a If I ic! ie, I [ 
macro-pinacoid, @ (1 , as shown in the figur | prism t 

| | 
vertically striated, and the pinacoid faces are always small, oft 
Wantin: 

Che fms not of the character to yield very good reflect t t 
ne the average of a mber of measu t 
marked | angles fror 
the axial ratio w calculated : 

} ] | » 
Of 44 
m d oo! 62° 46 
607% : 1. .3848. 
tion, confirming the crysta raj 
characte! 

Crystals made at two different times showed thai de. 
illustrated the figure Fig. 1 represents a slender prismati t. 1 
average dimen ns of the crysta eing 5 mm. 5 to .75 mn t 
crystals of the other type ai mmm in Fig. 2 were usually doubly te: 
nated a! average dimension 
2 44 


Hydrolysis. — 0.93 
20 per cent hydrochloric 
118 and for three hours 
slightly colored, was c 
On cooling there sepa 
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obtained, 
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rated in 
side by sid 
decomposed simultaneously with the latte 
It 


rave on boiling 
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rated to dryness, and the proline racemized by dissolving in wate: 


ting with baryta in the autoclave at 140 
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for six hours. 


substance with alcohol there remained 


pure phenylalanine, while the weight of 


0.44 ., While he calculated is 41 
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or the dipeptide 

ine Was 
ites, and when dried 


t gave on sublimatio 


We are at present 
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ties of this decomposition produc 
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INFLUENCE OF DIGITALIS, STROPHANTHUS, AND 
ADRENALIN UPON THE VI CITY OF THE BLOOD 
CURRENT. 
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Ludwig's stromuhr, and while this instrument has proved about as 
satisfactory as any devised for the purpose, many objections have 
been urged against it, and Stewart! has introduced a very ingen 
electrical method of measuring the velocity of the blood flow wh 
offers many advantages over the stromuhr. 

This method rests upon the fact that the electrical conductis 
the blood depends mainly upon the salts dissolved in it. 
injection, at one point of the circulatory system, of a small amount of 
a strong salt solution which will be carried in the blood stream to 
another point where the electrical resistance of the blood is bei: 
measured by a galvanometer, the stronger salt solution, at its moment 
of arrival, will alter the resistance, giving a deflection of the gal 
nometer. The time between the moment of injection and that of d 


flection is measured by a stop watch. It is true this does not g 


+ 


the actual circulation time,? but rather the shortest time it takes 
blood to pass between any two given points in the circulatory system 
and would be more nearly the velocity of the axial stream whi 
according to Poiseuille and v. Kries, is double the mean velocity. 

The method is carried out as follows, fuller details being found 
the excellent description in Stewart’s article referred to. After 
animal is anesthetized a cannula for injecting the salt solution is ti 
into any vessel that it may be desired to start measuring the 
from. Another vessel where it is wished to place the electrodes fo1 
the galvanometer connection, is then dissected free from its surrou 
ing tissue for a distance of two or three centimetres accordi 
location. 

The best form of non-polarizable electrode is probably t 


and zine sulphate combination in glass tubing which may 


out into a hook with an opening in it against which the vessel 
rest in contact with the exposed kaolin. The electrodes, held 
clamps, are placed about I centimetre apart; this distance | 
varied according to the location of the vessel used and the leng 
isolated. The vessel is then insulated from the surrounding tissues 
by means of thin rubber dam, unless, as can be done in some cases, 
the neighboring tissues are drawn back from all contact with the 


electrodes. The zinc terminals which rest in the sulphate solution ot 


1 STEWART: Journal of physiology, 1894, xv. p. 1. 


It might be explained that in this paper the phrases “velocity of the | 


and “circulation time’’ are used in a loose sense. as convenient terms, rath 


in the strict sense, as defined in works on physiology. 


the electrodes are connected 
ind a resistance box 
nometer. The resistance 1 
experiments was in the ratio of 
The galvanometet 
ile which was located 
the deflection could be 
I injection closed the key of 
kymograph directly under the blood 
experiments I did not record the blood 
that it was necessary to do so in order 
height of the blood pressure, that they mi 
in the circulation time found, as well as ind 
of the drug employed. 
The animals used were dog 
satisfactory to work with 
adrenalin and digitalis. With digitalein stroph: 
rs in working on the pulmonary and _ peripheral 
In investigating the portal 
ts were 
were given morphine 
being administered 
operation and 2 t 
metres of alcohol 
These anzsthetics h 
years that they have 
anesthesia and having 
lo maintain th 


shock, I used a galvanized 


with warm water kept at a fait 


ment. The animals were then partially covered by ano 


water tank, or, in case this could not be used for lack of ro 
were covered by towels. By these means the rectal temperal 


kept at about 38° or 39 C., as was proved by frequent observ: 
Perhaps the most important matter in the manipulations was 
salt solution used. In the first place it had to be injected at as n 
a constant temperature as possible. By means of a water bath it 
always kept at 39° C., thus allowing for a slight cooling durin; 


time it was drawn up into the warmed syringe preparatory 
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injection. The constant temperature was very important as a 


ference of 1’ would cause a distinct alteration in the circulation ti 


The strength of the solution was varied with the different anima 


using it only strong enough to cause a distinct deflection of 


galvanometer. With medium-sized rabbits (2500 G.) 2 c.c. of a 


24 per cent solution was very good provided it had to pass throug! 
only one set of capillaries before reaching the electrodes. With lars 
rabbits (3500 G.) 4 per cent or 5 per cent solutions had to be used 
will be noted in the protocols to be given later. If solutions strong 


by 


than these were employed, the effects were at once shown 
animal giving a slight convulsive movement accompanied by 
alteration in the respiration. These disturbances had to be avoide 
and the blood pressure tracings rarely showed any irregularity except 
that due to mechanical influences. In the dogs stronger solutions 
had to be utilized. In the smaller animals 4 c.c. of a 

solution was strong enough, while in larger dogs (15 to 20 kK.) 


was necessary to use 4 c.c. of a 20 per cent solution. The greate 


} 


capacity of the heart and the larger bulk of blood allowed so much 


greater opportunity for dilution of the salt solution that even in these 


strengths it caused no circulatory disturbance, except in one or two 
animals, where an occasional irregularity of the heart appeared. 

I found it necessary to measure the velocity of the blood stream at 
three points. In the greater circulation it had to be measured twice 
namely, in the splanchnic area and in the peripheral vessels 
rhe necessity for these two measurements is due to the fact 
resistance in these two channels may be altered in opposite directions 
under vasomotor influence, or constriction may occur In one 
while the other may not be affected, so that the velocity of 
current may be affected differently in the different parts of 
vascular system. The total effect of the drug would be shown 
the pulmonary circulation, which would require but one measureme! 
as here all the blood takes the one route. 

The pulmonary circulation time was measured in the same way 
all the experiments —from one jugular vein where the salt solution 
was injected to a carotid artery where the electrodes were placed 
This, as has been pointed out by Stewart, will give more than the 
true pulmonary time, because in rabbits there is a distance of 
1.5 to2 cm. from the cannula to the right auricle and about 
from the left ventricle to the electrodes, and figuring the velocity ot 


the current in the arteries and veins and adding the fraction of a 
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ild be included, and any marked change here might 


the other two areas. That this latter ol 


hetical was proved in some of the experiments 
ification of this method was used. 

Che drugs employed were adrenalin (Takamine 

ion; the U. S. P. fluid extract of 

sides, digitalein (Merck), and strophanthin 

the solutions being made up fresh each time. 

its were made with each drug, but only one proto 
ven, as they were all essentially alike, except as 
the protocols given, all readings are omitted whi 


iny reason to call in question. Difficulties arose many t 


an experiment, the most common cause being slight move 


vessel on the electrode with a consequent swinging of 
nometer that made accurate readings impossible. All such re 
were recorded at the time as untrustworthy and are therefor 


omitted, 


ADRENAI \CTION ON RABBITS 


Protocol I m 6. Pulmonary circula 
Salt solution (2 c.c., 


left external jugul 


Blo 


cent 
lectrodes on inferior ven 


ranch of external jugular vein 


discussion of the 
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Protocol III. 


tention of the chambers, 


presst 


tionately with the rise of blood 


the pulmonary vessels, an 


venous pressure, 


Influence of Digitalis, Strophanthus, and Ad 135 
( 
1.4 | t t t to 
r vein. 
N 
There « in nO LOT tha Ol Lill 
velocity of the blood current in rabbits to siow reatly 
This result was confirmed in many other experiment here 
The ( ise ol SIOWINE WHICH t 
stream, as shown Dy th puimonal must pr 
greater Cif lia n | S e i ( 
ind the blood pressure increased, mainly on acce ! 
which for a short time the ventricle is able to pe, finally p ents 
the heart trom emptying itseil completely, and it dilate n 
shown in plethysmographic tracings by Elliott,- who found great 
Mee the volume of the heart increasi 
low reading 
LLIOTY Journal of ysiology, 19 XXII, { 
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rhere can be little doubt that this back pressure is the cause 
retardation in the pulmonary area. Bradford and Dean! fou 
“back pressure” is produced if the systemic 
thar wat Fae tmetanca he vl the 
raised 1n other ways, as, for instance, Dy Clamping the ao 
the systemic blood pressure is enormously raised, 
takes place in the pulmonary pressure unless the compression 
longer than ten seconds, in which case it will be slightly inc1 
This result they no doubt rightfully ascribe to ‘‘ back pressure. 

g 

factor which would tend to overcome this obstruction to the 


] 


nary outflow would be the direct action of the adrenalin on the 


t 
side of the heart increasing its efficiency. The back pressure th 


} 


the left side of the heart added to the action on the right heart 


htle ice the in re the 
doubtless raise the puimonary pressur consideraDiy were the 


nary vessels not able to dilate and take care of the excess of 
Also it must not be overlooked that the right heart may be rer 


give a rise in venous pressure 


less efficient by vagus action, dilate and 
as described by elliott. 


The pulmonary vessels themselves probably are not acted 


the adrenalin or only to a very slight degree. Brodie and 


ig 
say that it dilates them, while Gottlieb” argues on theoretical g 
that an action by adrenalin on the lung vessels is very impr 
and quotes Gerhardt in support of his contention to the eff 
while the vagi are intact adrenalin exerts on the vessels only 


slight influence, but when the vagi are cut the vessels remain ¢ 
pletely inactive. The slowing in the pulmonary time under adrenalit 
can scarcely therefore be primary but secondary to the systemi 


changes, and here the retardation might be produced either 
sened efficiency, or slowing of the heart, or increased 
resistance. The latter, being such an important result of 
action, was first investigated. The readings of the three expel 
» arranged in the order of blood pressure hei 

given in table on page 137 

he readings arranged in this manner show with very few exc 
tions that with increasing pressure there is progressive slowing ot 
blood current, the two apparently standing in very close relations 


This does not exclude the rate of the heart from being of importance, 
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juestion of the influence of pressure 


as studied in amore direct way 


maintaining at the same ti 


latter was accomplished by a] 
domen a rubber bag 10 cm. wi 


the pressure on the ani 
*ssure enough to overcome the 


the following readit 


Protocol IV. 


These results show in general that with slowing of the 


is an increase in the circulation time. It will be notice 


ings for the various heights are not arranged in 


but this point will be taken up a little later. 


| he influence on Ir tl time ; nees in blood pressu 


1 
with 


1 a unitorm hex rate was investigated in a similar way 


ubber bag was applied to the rabbit’s abdomen as before, at 


in order ins ne piood press 


h would correspond Mm ; I less close] 


btained wi 


e heights. 
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so making no change in the blood pressure, but an alteration in 
velocity of the current ; retardation in the contracted area w 
acceleration through the dilated area. The vast majority 
observations, however, are very uniform; any changes being 
easily explained by variations in the blood pressure or pulse 

The action of adrenalin, then, upon the velocity of the 
stream in rabbits is to slow it; this retardation being depe 
partly upon increased peripheral resistance and partly upon si 
of the heart. 

STROPHANTHIN. 


~The action of strophanthin was studied in the same way as that 


adrenalin, dogs being used instead of rabbits, except in 
the portal circulation The pulmonary time, as stated earlier 


taken from the external jugular vein to the carotid artery; the 
time from the carotid to the mesenteric vein, and the peripheral 


the carotid to the femoral vein. 


Protocol V. March 21, 1906. Pulmonary circulation time. 


? mg. morphine. 2 G. chloretone in 8 c.c. alcohol. 


(4 cent, temper iture 39 
Electrod ight carotid artery. Blood 
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strophantain injected into s iphenous vein. 
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pressure 


110 Hg mm 


100 


100 


A comparison of this sort shows with only one exception (and in 
that case there was only one reading) that the heart rate and circula 
tion time bear an inverse ratio to one another. The strophanthin 
readings also stand in this case in direct ratio to the pressure, 
although the control readings do not. But more striking is the fact 
that a comparison of each strophanthin reading with the nearest 
far as height and heart rate are concerned) control shows in eve 
case that the former is much quicker, thus showing the effect of tl 
increased efficiency of the heart on the velocity of the current. Thi 
is illustrated in the readings with the heart rate at 156 and also 


blood pressure, the 


130, in both of which cases, in spite of a higher 

strophanthin time was much the quicker. The other readings show the 

same thing. his table then shows in a very clear manner the elie 


y aliects 


on the velocity of the three factors by which it is chief 


namely, efficiency and rate of the heart and peripheral resistance 
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geht heart being acted upon by the drug; second, 
lungs are not contracted; and lastly, owing to 
the current through the peripheral vessels, the bl 
he right heart easily, although this last factor may 


balanced by the contraction of the vessels of the splanchnic area. 


DIGITALIS AND DIGITALEIN. 


Protocol VIII December 8, 1905. Pulmonary circulation time. 


3.4 ¢.c. paraldehyde. Injection of salt solution (2 c.« 


jugular vein. Electrodes on carotid artery. Blood press 


The etiect of digitalis upon the pulmonary circulation time 
ipparently not very marked, but consists of primary acceler 
followed later by slowing, which in this experiment was me 

to normal. 
ilt was also confirmed in a dog with digitalein, the 


ich experiment may be given shortly as follows: 


Protocol IX. — March 29, 1906. Dog. Morphine and 


re readings. 
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jected into left carotid. Electrodes on inferior vena cava. 
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In another experiment 
ime practically no accelerati found, 
being lengthening in : time of from one 
second, but in this case the blood pressure was raised 


about 15 mm. Hg. Digitalein in the experiment 


caused an acceleration in the current whicl as vel 
will be noted that the blood pressure was scarcely « 


the absence of any marked contraction of the splan 
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This protocol is given fully to illustrate ther point th 


noted above, namely, the necessity of the 0d pressure reco! 
be considered 


it can be seen that the only readings which can 


portance as showing the effect of ' 
tat more or Jess shoc] 


Later the animal passed into a st: 
scarcely reacted to the digitalein by any increase in pressure. \ ft 


observation number 12 the circulation time ts probably almost e1 
influenced by the steadily falling pressure modified by 


slowing of the heart 
Digitalis then produces an acceleration of the blood stream wh 


as seen In the pulmonary area, is apparently not quite so marked 


is the acceleration under strophanthin. The variation may part 


hanthit 


be due to differences in the action in the lung itself, stropl 


probably having no effect whatever upon the pulmonary vessels wh 


digitalis probably constricts them, raising the pulmonary pressure 


(Bradford and Dean! for digitalin). Probably the greatest source 


difference is in their action on the peripheral vessels, with stro, 


1 BRADFORD and DEAN: Journal of physiology, 
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LDRENALIN (1 ) 
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readings obtained by t method which w ised in connect vit 
some other experiments may for our purposes here be ¢ ! 
in excess over the pulmonary time, it this excess is of 1 ! 
mce nere, so 1 need No eC ais | 
Protocol XIII. 4. 1906. Pulmonat cil 
> (5.1 r] ! 1.5 G3. chloretor Sait it 1 (4 2 
into left ju ul n bt { rior t 
f 
i ii 
, 
MEME be expected from the points discussed above under 
1 we would Nave here oO do WILD re 
footnote, 
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and difficulty for the blood to reach the right side of the heart due t 
the contraction of both sp'anchnic and peripheral vessels, and yet th 


adrenalin causes a slight acceleration, putting the drug in line wit 


others of the series. That this acceleration is not found in the rab 

is probably to be explained by the fact, pointed out before, tl 

peripheral resistance is increased so quickly that any increa 
t },] 


efficiency of the heart is at once hidden by the great rise in blo 


pressure. 
USIONS. 


The members of the digitalis series, then, produce an accelerat 

of the blood stream followed by a retardation which appears under 
larger doses of the drug. In the greater circulation the peripher 
stream is accelerated, while in the portal area there may be a similar 
effect if these vessels are not strongly contracted. If there is a very 
great contraction here, as shown by a marked rise in blood pressure, 
the portal stream is probably retarded, although a certain amount of 
resistance may be overcome by the increased efficiency of the heart 


In some animals the only demonstrable effect of adrenalin on the 


current is great slowing, probably due to the greatly increased b 


pressut 


The acceleration of the blood stream which is produced by many 


of the series during the early stage of their action may poss 
explain some of the benefits derived from their administration. 1 
fact that the blood is flowing more rapidly through the tissues would 
indicate an improved blood supply, giving not only more nourisht 
but also providing for more complete removal of waste product 
This does not overlook the benefits derived from the charact 


action of the series upon the cardiac muscle itself. 
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static pressure in the cavity of the ventricle is pro 
direct influence of tension on the ventricular muscu 


mechanism by which tension augments the rate of th 


is less obvious. Sollmann sugge 
tension in the coronary vessels of 
than he myogenic theory 


readily explained on the neurogenic 
the heart rhythm. - Because of the arrangement of 

musculature it is obvious that pressure in the coronary vessels d 
not produce the degree and uniform distribution of the 


muscle cell that is affected by pressure in the cavity of 


nevertheless the latter is a less efficient stimulus to the 


the former. 
It is clear, from the experiments on the isolated mammalian | 


referred to above, that tension in the coronary vessels augments the 
rate of the rhythm of the isolated ventricle. This in all probabilit 
never takes place in the intact heart, as such an action directly on the 


ventricles would disarrange the co-ordination of the heart. Whatever 


direct tion tension in the coronary vessels may have in the re 


t animal, must accordinely 


the mouth of the great veins or at |e 
here is anatomical basis for such a mechanist 


far as branches of the coronary arteries pass to 


t} i} 1) 


mouths of the great veins as well as to the sinus venosus 


Ss 


myogenic theory of the heart beat 


obable that both the increased 


e tension 


endings even bya 


this alte ative ‘ol le. lhe i } evidence 


the arterioles abi to directiv 


es. The possibility ol 


constrictor nerves or nerve ending 


ative cannot readily be eliminated, however, since we 
no drug or device by which the augementor nerves may be thi 


of function without greatly injuring the heart tissues. 


Assuming the correctness of the neurogenic theory, the me« 
of action of tension on the heart rhythm is probably as follows: 


augmentation of the strength of the beat is, at least in part, due 


part 


a direct action of tension on the heart muscle; it may also be in 


% 
I i 
hy thin | 
lating of the heart rate in t Meme 
-xerte through regio} t 
+} ] 
nrough the auricles, 
it le + ’ c 
vertebrates 
rat s due to a direct actio { thi on t rt 1 
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ganglion was isolated from the heart muscle exc« 
rr segments. These two segments were arral 
yn in the usual way. The action on tl 
essure in the heart cavity was imitated 
inglion direct 


nsion on the isolated 


ration helps 


tion whether the tension 


heart cavity ) alters 


acts directly or indirectly 


Ja 
maintain a 
mental fact has already been 


ported, ! The experiment has 


repeated many times and at vai 


Ing periods after removal 
ranglion, but exception 
ever been noted. It 
on is essential for the stimulati 
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tension on the muscle and 
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hydrostatic pressure In 
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ently not stimulated by the degree of tension that may be a 


hout rupturing the walls. 
»augmentor effect ef tension on the s 


either a direct action 


the motor 


tne intensity 


moderat ‘nsion, but when the 


‘ntation it rate 1S so great that the 


merged, n fact, the amplitude of tl 


usually greatly diminished. With still greater pressure in 
cavity the augmentation of , 


h incomplete tetanus and delirium or fibrillary contractior 


This great tension obviously breaks down the co-ordination of t 


inglion delirium cordis 
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S, igay simply be failure of complete di: 


rium cordis and 
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*n minutes, the normal 


fifteen minutes a 


it persists to be abnorn 


till the final cessation. The stimulating actio1 
lion. The persistence of the eftect 


the stimulus goes to show that the increased activi 
the mere mechanical pressure on the ganglion 
ls, as this pressure ceases with the withdrawal 
lasma from the heart cavity. 
posterior end of the heart is unable to contract to any exte 


nst the pressure that by action on the ganglion sends the anter! 


may be duc i in the muscle c I 
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ON ABSORPTION FROM THE PERITONEAL 


H. GIDEON WELLS 


Lab 


P a study of the influence of adrenalin upon absorption fr: 


veritoneal cavity, Alfred Exner! has drawn conclusions c 
ing the mechanism of absorption from the peritoneal cavity 
are not only surprising in themselves, but also at variance wit! 
obtained by other observers. Exner found that the appearat 
toxic symptoms after the intraperitoneal injection of strychni 
physostigmine, and potassium cyanide was much delayed if a sm 
quantity of adrenalin was injected into the peritoneal cavity a sl 
time (nine to forty-five minutes) before the poisons were inti 
The absorption of sodium indigosulphate, as determined 
time of its appearance in the urine, was also somewhat delayed 
adrenalin; but the absorption of potassium iodide did not seem to bi 
similarly influenced. As an explanation for this failure to 
absorption of potassium iodide, the idea was 
this salt is absorbed from the peritoneal 
than that taken by the substances wh¢ 


adrenalin; and an attempt was made to study tl 


adrenalin upon the absorption of substances through 
channels. On the assumption that insoluble ic] 
from the peritoneal cavity by way of the ] 
were performed to ascertain the effect o 
tion of an emulsion of paraffinum liquidum 

| hese experiments were ¢ onducted in 


the perit 
i 


‘emulsion was injected into 


oneal cavity 
a time the animals were by bleeding tf: 

All the blood obtained (quantity apparently not determ 
shaken repeatedly with ether; the ethereal extract was eva] 
and the residue saponified with alcoholic potash. The produ 
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respective controls, the conclusion was drav 
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As further support 
absorption through 
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nitrate half an 
seemed that th 
in normal animals, altho 
may be remarked 

the existence of 
obtained in two experiments on 


peritoneal cavity. Adrenalin sol 
F two rabbits, and 

In one experin 
minutes. Cultures were 
thereafter, and plated, 
found to be much smallet 
the results were more striking 
tion of adrenalin preceded t 
inferred is that adrenalin 
peritoneal lymphatics, 

It must be admitted 
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otassium cyanide, is al bed through the 


crystalloid, potassium iodide, takes 


i 


through the blood vessels, is ri 


= 
abdie 5 I l elled to investigate the evidence up 


opinion is based. A careful readin 
convinced of the inadeauacy of the p1 
lhe chief support advanced by I:xner 
absorption is specifically impaired by adrenalin (upon whicl 
the view of the difference in the routes of absorption ol 
iodide and the other substances tested) is furnished by two expe! 
ments on the absorption of an emulsion of liquid paraffin from the 
peritoneal cavity. The results of these two experiments, perform: 


on four rabbits, were as follows: 


Animal No. 44. 


normal 


Animal No. 47. Adrenalin 
minutes. Blood withdrawn after fiftee 


the mixture. 


To us these results do not seem of sufficient significance to affor 
a basis for an hypothesis as to the routes of absorption of substar 
from the peritoneal cavity. Even if we were to grant that t 
ture obtained from the ethereal extract of the blood consiste 
of paraffin (which we are by no means convinced was the 
results obtained do not prove that adrenalin interferes with 
tion of paraffin emulsion tl gh the lymphatics. First, it 


pointed out that the blood from one of the animals which recei 


1 MELTZER and At in ions of e Assox 
cians, 1go4) Nave also ¢ u ioned the v: litv of som 
not, however, the factors which 
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Tgoo, Iv, p. 300. 


Experi No adrenalin given. Parat 
carotid forty-five n it later. Obta l 12s 1. of 1 
mixtur paraffin and cholesterin, pI sly cI 
Anin No. 45. An injection of adren 1 preced t 
cont | m. the * xt 
Eexperim Animal No. 46. No adret jected I t 
fift 1 minutes after injection of emulsion contained : t 
I xture. 
1 mil ( t O25 
t ol \! 
ha experim tal 
og | k 


ove 
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ad of compat 
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espec 
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from the thoracic duct of large dogs during three and one-half and 
five hours, nor could we find this material in the blood of the same 
animals. On tl other hand, when the animals were killed, the 
emulsion was found still present in the peritoneal cavity, not appar 
ently reduced in amount. Soluble indigo carmine injected with the 


emulsion, however, had lar: 


gely disappeared from the peritoneal cay 
and was found early and in large quantities in the blood at 
and later also in the lymph.! 

Furthermore, the experiment which Exner considers as indicatin 
that adrenalin prevents the absorption of bacteria, supposedly by 
preventing their entrance into the lymphatics, is open to an entirely 
different and much more likely explanation, It is a well-known fact 
long accepted in studies of the problems of immunity, that the inj< 
tion of a mildly irritating substance into the peritoneal cavity 
animal greatly increases its resistance to bacteria injected 
time later. This fact has been repeatedly demonstrated with many 
sorts of bacteria and many types of irritants; and the explination 
which seems to have been indisputably established is that the in 
creased resistance of the animal is due to the local leucocytosi 


caused by the injected substance, which greatly favors promp 


phagocytosis of the bacteria introduced. If instead of adrenalin t 


experimenter had injected bouillon, or urine, or tuberculin, o1 
one of a large number of other substances, before injecting his 
tures of Proteus, the same diminution in the number of bacteri 
the blood would probably have been observed. Indeed, it 1s_possib! 
that part, at least, of the decreased effect of the poisons injected in 
peritoneally after a preliminary injection of adrenalin, depends uj 
this local leucocytosis, since it has been shown that leucocytes 

the power to take up soluble poisons as well as bacteria, and t 
crease and delay their effects. 

We therefore question the evidence advanced by Exner to sup; 
the hypothesis that such physically similar substances as potassium 
iodide and potassium cyanide are absorbed from the peritoneum by 
entirely different routes, and the consequent hypothesis that adrenali 
injected into the peritoneal cavity interferes with absorption by the 
lymphatics, while not affecting absorption by the vessels. 
other hand, we have the evidence brought forward by Starling and 


' The relatively greater participation of blood vessels in the absorption of 


carmine from the peritoneal ( avity has been demonstrated by MENDEL: Am 


journal of physiology, 1899, il, p. 342. 
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Protocol II. \ dog, 
experiment. At 1 
oil and 25 c.c. of indig 
cavity In this dog the 
first animal, 
the emulsion. the lymph beg he indig« 
color. The blood sample examined \ot withdrawn 
this time (12.18 and showed a distinct indigo carmine 
In this experiment the lymph became much more deeply colored t 
the previous one, possibly because of a hemorrhagic inflammation of 
peritoneum found at autops\ hich a used the lymph to 
bloody after 2.15 P.M. 
per ten minute period. 
introduced, the animal was bled to death. v showed 
200 C.C fluid in the peritoneal cavity, which containe: 
apparently unabsorbed, although the indigo carmine 
appeared. There was a great 
peritoneum, which probably caused the blood-stained ippearant 
lymph. 
330 c.c. of the blood drawn at the time of killing the animal, ar 


the lymph (236 c.c.) collected after the injection of the emulsion, 
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THE EFFECT OF CARBOHYDRATES ON RESISTANCE TO 
LACK OF OXYGEN. 


By WALES H. PACKARD. 


I. INTRODUCTION. 

be a theory of the nature of protoplasmic respiration Mathews 

has recently brought forward the hypothesis that respiration is the 
dissociation of water with the liberation of hydrogen. In the proto 
plasm there is some substance (or substances) of unknown nature 
which splits off water from itself and sets free active particles. These 
active particles attack the water of the protoplasm, decomposing it into 
oxygen and hydrogen. The oxygen combines with the substances of 
the protoplasm, thus oxidizing them; the hydrogen is either united 
with atmospheric oxygen to form water (aerobic respiration), or is set 
free in gaseous form, or it combines with other substances 
protoplasm (anaerobic respiration). According to this hypotl 
the atmospheric oxygen acts the part only of a depolarizer to 
care of the nascent hydrogen formed from the water, and any ot 
substance which unites readily with nascent hydrogen can repla 
atmospheric oxygen and permit respiration to go on in the absence 


air. Maze? found that acetic acid could be formed by 


teria from alcohol in the absence of air if lavulose were present; 


levulose at the same time being converted into mannite. 


In the presence of air alcohol is oxidized to acetic acid as follows 
C,H;OH + O CH;COOH + H,O 


In the absence of air and in the presence of lavulose the oxygen 
derived from the water, and the hydrogen thus set free joins itself 


the laevulose and forms mannite. 


\IATHEWS: Biological bulletin, 1g 


2 Maze: Annales de l'Institut Pasteur, 1904, xviii, p. 27 
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marine teleosts,! and was used in that strength to avoid osmot 
fects with the blood. 
For an experiment ten of the injected fish were placed in an 
rium jar with running water along with ten others properly marked t 


serve as controls. They were then left in the running water for abi 


twenty-four hours to allow ample time for the absorption of the car 


bohydrate which previous experiments had shown to be quite slow 
The effect was not shown if less than eighteen hours’ time was al 
lowed for absorption, nor did the effect seem to last beyond thirty-s 
hours after injection. The fish (10 injected and 10 controls) were 
.then placed in a litre flask which was immediately filled with s 
water and tightly stoppered so that all air was excluded. Under the 
conditions the animals quickly exhausted the available supply of ai 
and were thus under conditions of lack of oxygen. In the previous 
paper * it was shown that this method was as effective as when elabo 
rate methods were used to remove the oxygen from the water, and a 
that we are here dealing with phenomena of lack of oxygen and 
with the effects of the accumulation of carbon dioxide. The length of 
time the animals were left in the flask is given in the tables in conne 
tion with each experiment. It was usually until all movements of t! 
animals had ceased. The animals were then removed to fresh ru 
ning sea water and left several hours for reviving. Enough time wa 
allowed for this so that all animals not actually killed in the expe 
ment were given a sufficient chance to recover. 
Table I shows the results of the experiments with the injection of 
lavulose 
It will be seen from the summary that out of 194 live individual 
135, or 70 per cent, were those which had been injected ; while only 5 
or 30 per cent, were controls. Of the 166 dead, only 45, or 27 p 
cent, had been injected, while 121, or 73 per cent, were the control 
The very great individual variation in resistance to lack of oxy 
in different individuals renders it necessary to use many experiments 
‘ve numbers of individuals. This individual variation also ex 
plains why some (27 per cent) of the injected animals were killed 
the lack of oxygen and a similar number (30 per cent) of the controls 
were left alive. 
In the table all the experiments which were made are given, and a1 


examination of each will show that while the increase in resistance 
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Table II shows the effect of the injection of glucose. 


are almost identical with those with lavulose. 


4 


injected and only 29 per cent of the controls were alive 


27 per cent of the injected were dead as contrasted with 


controls. 


hrs min 


any resuits with 


obtained with lavulose f glucose were used instead of 


found no production of mannite, and hence but a trifli 


} 


of alcohol into acetic acid. Perhaps plant respiration may 


t 


ion. 


lis respect from animal respira 


ie resuits of the injection 


1 MAzZI 


percent of t 
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Voit, in some studies on the excretion of various c: 


taneous 


by the kidneys in man after subcu 
results. ti ally no dextrose, lavulose, or 

in the urine, while cane sugar and lactose were thrown out 
the same quantities in which they were injected. 

Our experiments plainly coincide with the above resul 
trose, lavulose, and maltose were absorbed and produced an in 
resistance to lack of oxygen; cane sugar and lactose were not al 
and hence produced no effect. The blood of Fundulus 


contains a maltase, but no invertase or lactase. 


FEEDING WITH PROTEID Foop ON RESISTANCI 


LACK OF OXYGEN. 


A possible objection to the conclusions drawn from our experimen 


with carbohydrates may be this; the effect of the injection of c: 


hydrates in increasing resistance to lack of oxygen is not due t 


role they may play in respiration, but is merely the effect which any 


food would have in increasing general bodily strength and resistance 
to adverse conditions, especially when compared with animals used as 
controls which had been kept in an aquarium for some 
hence in a condition of partial starvation. 

In order to test this objection the following experiments were ca 

The Fundulus were kept in an aquarium without f f 

several days. For experimentation a series of animals wet 
placed in aquarium jars and fed with common mussels (Mytilus) 
period of about twenty-four hours. As they were in a partly sta 
condition, they were all seen to eat greedily, and they were 
supplied with food during the whole period. This diet of « 
consists very largely of proteids, with only a very small amount 
carbohydrate material. Another series of animals were kept 
similar conditions, but without food, for controls. 

The fed animals and the controls were then placed in flasks 
the other experiments, to test their resistance to lack of oxygen 

Table VI gives the results. From the summary it will be 


approximately an equal percentage of the fed animals and the c 


were left alive. These experiments prove that feeding with 


food does not increase the power of resistance to lack of oxygen 


Vorr: Minchener medicinisch Tochenschrift, 1896, p. 
Archiv fur klini Medicin, 
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resistance to lack of oxygen. The experiments also support Mathews 
theory of protoplasmic respiration, that any substances which can 
readily unite with nascent hydrogen, and thus act as depolarizer 
can replace atmospheric oxygen and permit respiration to go on 
the absence of air. 


has observed that cane sugar and dextrose will produce 


sodium chloride arrest 


I lowell 


recovery of contractions after the so-called 


in strips of heart muscle. He says: “ After a heart strip has given its 


typical series of contractions in NaCl and the stage of tl 
exhaustion is reached, immersion in isotonic solutions of sug: 
usually a more or less definite series of contractions lasting for about 
an hour.” The immersion of a fresh strip of heart muscle in the 
solutions of sugar gave no contractions whatever. 

} 


Lingle* believes that the ‘‘ sodium chloride arrest is probably due 


to a lack of oxygen in the salt solutions,” and finds that hydrogen 
peroxide and oxygen gas will produce recovery of contractions after 
sodium chloride exhaustion. 

Martin® also mentions the fact of the recovery of muscle strips 
after sodium chloride arrest by the removal of the strip to an isotonic 
cane sugar solution, and also shows that the sugar solution has no 
effect on fresh muscle. Its effect is produced only after previous 
exhaustion. 

In a more recent paper Martin * has carefully studied the influence 
of oxygen upon the activity of heart muscle strips. He finds that 
under conditions of deficiency of oxygen or in the presence of a 
moderate oxygen supply the sodium chloride arrest is probably chiefly 
due to lack of oxygen, and that “after exhaustion in an oxygen-free 
bath an excellent and long-continued recovery could be obtained by 
a thorough oxygenation of the solution or by transferring the strip 
to a moist chamber.” 

The above facts may be explained on the basis of Mathews’ theory 
of respiration and in accordance with the experiments described in 
this paper. The sodium chloride arrest is acknowledged to be due 
in part at least to lack of oxygen, and the action of sugar solutions 
in the recovery from the exhaustion is simply their effect in acting as 


depolarizers and enabling the muscle to carry on respiration for a 


1 HOWELL: This journal, 1got, vi, p. 181. 
2 LINGLE: /did., 1902, viii, p. 75 

MARTIN: 1904, Xi, p. 103 

* MARTIN: Jdid., 1906, xv, p. 303. 
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The results given in the following experiments show that the de 
crease in power of resistance to lack of oxygen is not continuous but 
exhibits sudden changes. The resistance of an embryo about ready 


to hatch (7. ¢., twelve to fifteen days .after fertilization) is practical] 
the same as that of a three-day-old embryo. There is a sudden 


decrease in resistance of nearly one-half at the time of hatching and 


PABLI 


following that a rather steady decrease until about forty-eight hours 
after hatching hen the power of resistance is no greater than that 


of the adult. This sudden increase in sensitiveness to lack 
oxygen seems to be connected with the loss of the perivitelline fl 
at the time of hatching, and the absorption of the yolk sac whi 
takes place during the first thirty-six hours after hatching 
In these experiments the oxygen was removed by hydrogen 
which was prepared in the usual manner in a Kipp apparatus 
gas was thoroughly washed through sodium hydrate solu 
line potassium permanganate solution, and distilled water. For obse1 
in an Enelemann 


vation the embryos were placed in paraffin cells 


gas chamber. As the circulation in the Fundulus embryo is already 
well established by the third day, the cessation of the heart contrac 
Table VII gives 


tions was in every case taken as the deathpoint. 


the results of these experiments. 


No constant change in resistance to lack of oxygen could be 
detected in the embryos from the third day up to the time of hatch 


All the differences shown in the different experiments were wel 


Ing. 
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within the limits of individual variation in resista 
tions showed that from after fertilization to the 
a constant decrease in power of resistance 


this point on, after the circula 
there is practically no decrease. 
to lack of oxygen during thi 
a half hours. 

At the time of hatching, however, a sudde 
resistance of the embryos just hatched 1 
of the embryo within the membrane. 
embryos twelve to sixteen days old 
brane, the stimulus of the withdrawal of 
cause a number of the embryos to breal 
and thus there were in the gas chamber 
egg membrane and those just hatched out. 


Ee 
ance of those embryos just hatched was appr: 
of the embryos of the same age, but still within the 
The general average of resistance of such embryos 
given in the table as eight hours and fifteen minutes 

It was also found that embryos from twelve to sixteen 
could be artificially hatched by pricking and tearing the eg¢ 
brane apart. The embryos thus removed from the membrane hi: 
approximately the same average of resistance as the embryos | 
under more normal conditions, and many experiments were made \ 
embryos artificially hatched in this manner. ‘Their general ave 


of resistance is given as eight hours and fifty-two minutes, whi 


approxi telv the } > rhicl rere 
approximately the same as those which were more normally 


+ 


From the time of hatching there is a constant and 


in power of resistance to lack of oxygen. In embryos from twe 
twenty-four hours after hatching the general average of resis 


was about five hours, and for embrvos thirty-six to forty-eight 


after hatching about three and a half hours, which is practica 


general average of resistance for the adult individuals. 


Thus within forty-eight hours the resistance of 
decreased from sixteen and a half hours, the general avera 


unhatched embryos, to three and a half hours, which is 


average of the adult. After this period of sudden ¢ 
of resistance there follows slow and continuous decre: 
followed in our experiments unti seventh 


The general average for the fourth day after hat 


fy 
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half hours ; for the seventh day one hour and fourteen minutes. At 
this time in the aquarium the embryos were dying rapidly. It seems 
difficult to keep them for a longer period under the artificial condi 
tions of even a well-balanced aquarium. 

In explanation of the relative increase in sensitiveness of the fish 
embryos to lack of oxygen Loeb! assumes “ that the cells which ar 
formed from the egg cell during the first stages of cleavage are 
different chemically from the cells which are formed later, so that th 
latter go to pieces more easily in lack of oxygen than the former 
No indication, however, is given as to what constitutes this chemica 
difference. 

On the basis of the experiments given in the first part of this paper 
the following explanation is offered. 

It may be assumed that the Fundulus egg is well provided with 
some substance or substances, presumably of a carbohydrate nature 
which can act as depolarizers in the process of respiration, and thus 
enable the egg to carry on respiration for a time in the absence of 
air. This would make the egg very resistant to the withdrawal of 
oxygen. It may further be assumed that these carbohydrate sub- 
stances are used up in the processes of development, and the embry 
thus becomes less and less resistant as development progresses. This 
material seems to be used up very rapidly during the first three days 
of development, and but very slowly if at all after the establishment of 
the circulation until the time of hatching. At the moment of hatching 
there is lost the fluid between the embryo and the egg membrane 
In the embryos which were removed by pricking the egg membrane 
this fluid was always seen to exude through the puncture. Presum 
ably this happens when. the embryo itself breaks the membrane 
The loss of this perivitelline fluid would account for the very sudden 
decrease of resistance at the time of hatching. After hatching the 
embryo enters upon a much more active life than when withi 
the membrane. At the time of hatching the yolk sac attached to 
the embryo is large and rounded. It is so heavy that the animal 
swims about with difficulty. During the first forty-eight hours afte: 
hatching, however, this yolk sac is rapidly absorbed and the contou 
of the embryo becomes smooth. 

This period of absorption of the yolk sac and of greatly increase 
activity coincides with the period of rapid decrease in the resistan 


of the embryo to lack of oxygen. The greatly increased acti 


1 Loes: Le it 
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rapidly uses up the supply of stored carbohydrate material, 
resistance to lack of oxygen is correspondingly decreas« 


becomes no greater than in the adult. The slow decrease in resist 


ance to lack of oxygen which follows this period, and which renders 
the embryo less resistant than the adult, is probably entirely 

the unfavorable conditions of aquarium life to which the embryo 
subjected, in which the conditions of oxygen supply are very 
compared with natural conditions. 


rABLE VIII 


OF OXYGEN 


GAR SOLUTION 


Length of life of 
Solution of sugar used controls in ord 


nary sea water, 


hres min 

10 c.c. sea water + 2 

0.95 mol. lzevulose 
10 c.c. sea water 

0.95 mol. glucose 
10 c.c. sea water 

0.95 mol. maltose 
10 c.c. sea water 

0.95 mol. cane sug 
10 c.c. sea water 


sat. sol. lactose 


V. EFFECT OF CARBOHYDRATES ON RESISTANCE 


IN FUNDULUS EMBRYOS 


If the resistance to lack of oxygen of the Fundulus embryos is less 


in the later stages of development than in the earlier stages because 


of the loss of carbohydrate material, their resistance ought to 
creased by supplying them with the necessary substances. [xy 
ments show that this is the case. 

Young Fundulus embryos seven and eight days old after hat 
were placed in sea water to which a certain amount of isotoni 
molecular) solution of the sugar whose effect was to be tested 
added. They were left in this solution for several hours to al 
for the absorption of the sugar. The sugar could be absorbed 
directly through the body wall or rough the alimentary systet 
digestive processes. For experimentation three embryos we 
in an Englemann gas chamber along 


same age in ordinary sea water 


LENGTH OF LIF! LACK FUND EM 
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replaced by hydrogen. The controls and the embryos in the sugar 
solution were placed in separate paraffin cells side by side, and henc« 
were under the same conditions as regards temperature and lack of 
oxygen. As the heart beat in the embryos was plainly visible, the 
stoppage of the contractions was taken as the death point. Table 
VIII gives the length of life in the controls in ordinary sea water and 
the length of life in the different sugar solutions, together with the 
percentage of increase in each case. 

The results amply confirm the experiments with the injection of 
these sugars given in the first part of this paper. Maltose again has 
a.greater effect than either glucose or levulose. Cane sugar is evi 
dently inverted and absorbed through the digestive processes. Its 
effect is nearly as great as that of maltose. Lactose probably cannot 
be digested or absorbed. 

It is to be noted in this connection that glucose and lzvulose aris 
ing from splitting processes in digestion are much more effective in 
their action than the same sugars when chemically prepared outside 


the body. 
SuMMARY. 


1. Those carbohydrates which can be absorbed when injected _peri- 
toneally into Fundulus heteroclitis (2. ¢., maltose, glucose, and lzevulose) 
greatly increase their resistance to lack of oxygen. This is due to the 
fact that simple sugars can act as depolarizers in the processes of 
protoplasmic respiration, and thus enable respiration to be carried 
on to a certain extent in the absence of oxygen. 

2. The decrease in resistance to lack of oxygen shown by Fundulus 
embryos in successive stages of development is due to the using up of 
material (probably of carbohydrate nature) stored in the egg. When 


embryos in later stages of development are supplied with carbo- 


hydrates which can be digested and absorbed, their length of life in 


lack of oxygen is greatly increased. 

My thanks are due to the Director and Assistant Director of the 
Marine Biological Laboratory for the privilege of occupying a research 
room during the past summer. 

I wish also to thank Professor A. P. Mathews for kind assistance 


and direction. 


THE EFFECT OF INJURIES OF THE 
VASOMOTOR CENTRE:.! 


PORTER AND 1 


INTRODUCTION, 


WwW" believe in common with many physiologists that 1 
vidual nerve cell groups lying within the cranium are | 
with respect to the bulbar vasomotor centre. To this cent 
ent impulses flow constantly from other parts of the 
interruption of these impulses exalts the reflex excitability of 
vasomotor cells. Thus the rise in blood pressure on stimulat 
the central end of the sciatic nerve is increased by severing the 
from the brain. A further demonstration of the afferent conne 
between the brain and the bulbar centre is seen in the chan 
blood pressure following stimulation of various areas of the | 
changes so marked that certain observers have taken them 
dence of additional vasomotor centres anterior to the classical 


in the bulb. 


The normal afferent impulses from the brain to the vasomotor 


centre and the impulses excited by electrical stimulation as ordinarily 


employed, upon the cortex, for example, are obviously only of modera 


intensity, yet they produce marked effects upon the vasomotor 


Impulses of moderate intensity are the portion of the fort 
In cerebral injury or disease, we must believe, the cells whose ft 
it is to safeguard the general blood pressure are beaten 
streams of afferent impulses far more powerful than tl 
currents of ordinary life. How do the vasomotor cells support 


sudden strains? Are they overwhelmed by a summation of 


} 


ordinarv impulses, or is the margin of streneth great enough to mee 
oth g 


emergency so rare that prevision would seem almost wasteful ? 
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problem is of interest, because it bears on the general physiology 
of nerve cells and because cerebral injuries are frequent; at the 


operating table life itself may depend on the reactions of the vaso- 


motor centre to afferent impulses. In the present investigation we 


have attempted to solve this problem by determining whether 
work done upon the centre by afferent impulses of uniform stret 


is lessened by coincident impulses discharged from gross mechani 


injuries of the brain 


als employed were rabbits and cats. They were invariab 
Tracheotomy was performed, and cannulas were place 
carotid artery and, when necessary, in the jugular vein. The 
blood pressure was recorded by a simple form of Hiirthle membrane 
manometer, which was frequently calibrated with a mercury column, 
Afferent impulses were obtained by the electrical stimulation of the 
central end of the depressor, sciatic, and branches of the brachial 
plexus in or near the axilla. For convenience, these branches will 
called in the text the brachial nerve. Precautions were taken to 
prepare the nerves with the least possible injury and to protect them 
against drying. The nerves were always severed and the proximal 
end lifted into air when the electrodes were applied. A constant 
current from a Daniell cell supplied the inductorium, and the seco 
dary coil was kept at a uniform distance from the primary coil. 
Before stimulating the brachial or sciatic nerves curare was injected. 
This was mixed with a considerable quantity of warm normal saline 
solution and placed in a long graduated pipette emptying into the 
rubber tube upon the venous cannula. The pipette was very sligh 
inclined and held at this angle by a clamp. Thus the very dil 
solution of curare flowed very slowly into the vein. From ti 
time the effect of the drug was tested by stimulating the peri 
end of the cut brachial nerves. By these precautions it was possible 
to operate with the least injurious dose of curare. Efforts were made 
to have the curarization uniform, so that any possible error from its 
use might be avoided. Care was also used to equalize as far as 
possible the stimulating action of the ether. In most of the exper 
ments the injury to the brain, by destroying the perception of pain, 


made an anesthetic unnecessary except in the preliminary operation. 


The injuries to the brain were as follows: 
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from the beginning or over-high pressure. In the above instance, the 
difference between 132 mm., which is the diastolic pressure at the 
beginning, 


stimulation, is 14 mm., one-half of which, subtracted from 132, gives 


and 118 mm., the diastolic pressure at the ending of 


125 mm. as the corrected diastolic value from which the rise in blood 
pressure was calculated. Such a correction was made in every case 


where the original difference exceeded 2 mm. Hg, except where the 


1.— Experiment 1, October 12, 1904. Two-thirds the original size 

arotid blood pressure on stimulation of the central end of 

it, twenty-five minutes after the skull was fractured 

variation in diastolic pressure had some special explanation, for 

example, a second stimulus before the after effect of the first stimulus 

had entirely disappeared. 

In the following text typical protocols will set forth the effect 

upon the vasomotor centre of each class of injuries to the brain. 


CONCUSSION, FRACTURE, AND INTRACRANIAL HEMORRHAGE. 


Four successful experiments were performed on rabbits and two 
upon cats. 


Experiment 1, October 12, 1904.— An etherized rabbit was tyysheotomized and 
the blood pressure written with a membrane manometer. Stimulation of 
the depressor nerve caused the blood pressure to fall from 63 to 35 mm. 
Hg (46 per cent). At 3 Pp. M.the skull received a heavy blow in the 
parietal region. ‘The blood pressure fell to 33 mm., but gradually rose 
again, partly in consequence of the injection of normal saline solution. 
Artificial respiration was necessary. On stimulation of the depressor 
nerve, at 3.45 Pp. M. the pressure fell from 78 to 21 mm. Hg (73 per cent). 
At 3.55 p. M. depressor stimulation caused a fall of 57 per cent (Fig. 1 
The pressure now gradually fell from 80 mm. to 50 mm., at which level 
depressor stimulation caused a fall of 41 per cent. 
At the autopsy a venous clot was found beneath the skin, covering 
about 4 square centimetres in the parietal and occipital regions. ‘The 


space between the cerebellum and the cerebrum was filled with a venous 
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extended thro 


ts the sc 
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nerve was stimulated. 


l 
ut 4 
irregularities. After 
mm. Hg, but soon ros At the 47 mm. level, 
caused a fall of 59 per cent, at 
the 74 mm. level t stimulatio 
per cent, after which the pressure 
interrupted before the rise was comp 
Experiment 3, Octol 2 4, I 
curarized rabbit, depressor stimulation 
from 85 to 5: m. ¢ (39 per cent). 
caused the 1 
the blood pressure 
to 102 mm. 
tion of the sciati 
of 79 per cent above me 
mm. Hg. Upon a third 


depressor nor sciat 


HEME sting on the corpora quadrigen \ tracture, 22 m t 
Experiment Oct 2] Stim it ot t 
etherized and sufficiently curarized t ed ar 
I E 2 Exper t 2, Oct I 1904 Depr t i 
rabbit erore a iter fF t Ww t em t 
fracture (left cur vered t trot 1 pressure 49 ent ter t t 
re] rre by card 
q ¢ i 
carotid 
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The fourth experiment records an injury to the bulb itself. 


Experiment 4, October 1904 


rve in an etherized rabbit 
39 mm. Hg. A blow on tl 


As the blood pressul 


LAUD. 


to par ilyze 


‘ carotid blood 


140 


presst 
rose spontaneously 


mm.; a ese levels, three stimulations cau 


nt 
ent. 


howed fracture in t 


ll, and hemorrhage 


PENETRATING WOUNDS OF TI! BRAIN; 


In two etherized cats a steel was forced through 
cranial walls into the brain. One protocol will suffice. 
Experiment 22, March 31, 1905.— In an etherized 


he stimulation of the sciatic nerve causet 


er cent, and brachk tl lation caused 


instrument was driven against 


ht trontal bone, 


ee Repeated stimulations of the depr 
| 
] + 1] 4 ¢ 

I ii Catised a mporary fali Irom 1 
times, the average fall being 35 per cent \ second blow caused he ! 
rhage into the medulla, probably directly injuring the vasomotor apparat 
The pressure fell to 35 mm., but stimulation of depressor caust 
nevertheless, a fall of 24 per cent 

One of the cases of fracture in the cat was as follows: 
Experiment 21, March 24, IE | timulation of the brae 1 and t 
nerves in an etherized cat, sufficiently curarized QR the motor 
nerves, caused an average rise of 27 per cent in thai press 
\fter a heavy blow on t skull, t blood pressure fell from jg t : 
mm. Hg. At this level the stimulation of th rachial and tic ners 
iad little effect, the nly 3 mm. Hg. \fter an 
topsy left frontal region, extending t 
the base of the sku MB beneath the seat of fracture. i 
RACTURE. 
Cat | carotid blood pressur 
to ris¢ 21 ) rise of 16 per 
At4p.M.a pointed left fronta 
ind then against the igs hind the zygoma. ‘I 
wounds did not penetrate the skull. but the rt stopped beating f 
seve! econds. Alternate sciatic and brachial stimulation gave with t 
sclath rise Of 32, 33, 36, and 36 per cent, respectively, and with 1 
brachial 42, 40, and 39 per cent. 

At 4.26 P.M: A pointed instrument was driven through the 1 
parietal bone, penetrating the skull to a distance of 3.cm. For a few 
seconds the eart stopped ting. Cerebral tissue escaped from t 
wound. Sciatic stimulation now caused a rise of 52, 48, and so per cent 
brachial stimulation caused a rise of 61 per cent. 

At 4 p. M. the same instrument was driven through the exter 
vuditory canal and the temporal bone into tl ise of the skull. Bb 
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The injury in the 
wound of the cerebral hemisph 
trephine 


given ve 


escaped through the ear I rt again st t ‘ 
econds. itic stin ised 60 per 
stimulation ar of s2 per cent (Fig. 2 
pita t I 7 

He \t ! t 
The \ + it | 
i na ca ed cerat t | 
wound wa tractul t wit t rat 
a i tim il i Tt tr i Ww 
» at 
oF BRAIN SuBsTANcr. 
xperiment > in effect a erate 
eres. thou prod 1 thr 
enetrating | ow, Lhe prot 1S 
Experiment 16, Mari 1905, At 3 \ ther 
placed in the tr 1, the carotid artery, t right 
sciatic and left bra I were @Xx] ! \ | 
solution were a ved to flow very nto t j 
I 
1.20 P.M. 26 ¢ re of the curar t 
were In good conait e apparatu tisfactorv. 
the records in Ta | were mace { 
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5.00 P. M. The skull was trephined, a small scoop introduced, and 
cerebral lobes were extensively lacerated, considerable tissue being remoy 


outright. ‘There was some hemorrhage. ‘The operation was finished 


TABLE I. 


Record Nerve 


number. | stimulated. 
Before During After 
stimulation,  stinrulation. stimalat 
mm. Hg mm. Hg. mm. Hg 
Brachial 132 (125) 200 11S 


Sciatic 170 


Brachial 190 


)mm., 1. 50 per cent. 
At 6.37 P. M., 25 C.c. curare 
slowly injected through the jugular vein. 


TABLE II. 


AROTID BLOOD PRESSURI 
Record Nerve 


imber. stimulated 
During 


stimulation. stimulation. 


mm. Hg mm. Hg. 
Sciatic 62 (64) 92 


Brachial 65 (61) 108 


Sciatic 59 
Brachial 61 (57) 


Sciatic 60 


Brachial 71 (65) 


Sciatic 67 (66) 
Brachial SO (73) 


Autopsy. — The hemispheres were thoroughly destroyed for a dis 


3 cm. from their anterior margins. Much brain tissue had been removs 


In several places there were other deeper lacerations, the small 


having entered the ventricles and gone as far as the base of the skull. 


In the two following experiments the cerebral hemispheres of 


rabbit and a cat were completely removed. 


CAROTID BLOOD Pri URI 
Hour increa 
45 
+50) 
4.55 6 122 
5.00 7 12] 54 
solut n wet 
\fte t 
1) { 66 +4 
yA 9g 58 \ 
(10 95 6) 
11 115 52 10 
545 {12 92 62 53 
132 65 . 
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Experiment 8, 


ind tl 


-xperi nent. 
eriment 18, March 


cannulas were 


curare., 


Between 


«carotid artery connected with a membra ter. | 
blood pressure was about 60 mm. Hg Six stimulat s of t lepresso! 
nerve ¢ isecdd an averay iall I 34 pel cent 

- he eretlyy e wer mp! vr Pecta 

5-30 P.M. The cerebral hemispher re complet I 
tem] ture, 3 pr ire fell toa ut Ss im., bu 

rABLE Ill 
( ROTI P RI 
| Recta 
bef e After t 
Ss muiat n lia mn stimula 

p.m mm. Hg mm. Hg mm. Hg per cent 

7 30 | 67 2 65 67 

7.45 72 +] 72 +3 4. 

S00 ) 67 24 65 64 33.8 

S. 67 4 69 1S 33.2 

10.00 67 27 67 60 
10.30 33 60 4) 62 07 
11.00 34 61 (64) 17 67 27 4 
‘ie 
il fy +t) f } 
11.00 60 (63 67 19 

in hour had risen to about 65 m1 Between c.20 and 6.1¢ 1 - 

was stimulated nineteen times, with an average fall of s7 per cent | 

subsequent record shown in Table III. 
Figure 4 shows the response to depressor stimulation at intervals thr t 

the « 

Lixp 13, 1906 etherized cat was tra tor ( 
EEE inserted in the jugular vein and carotid artery. ‘| I t 
sciatic and left brachial nerves were exposed and severed. 

1.15 P.M. 25 c.c. dilute curare solution were allowed t low t 
slowly into the jugular vein. 

4-3 P. M. Stimulation of the peripheral end ners 
indicated that the motor nerves were not completely paraly | bv t 
more were given 

] 
MMMM, 4.32 and 4.45 Pp. M. the following increases in carotid pr 
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were obtained: sciatic, 
chial, 29; sciatic, 29; 
33 per cent. 

4-45 to 5.00 P.M. The cer 
bral hemispheres were removed 

5:05 p. M. The blood pressur 
has fallen from 159 to 53 mi 
Hg. Stimulation of the sciati: 
nerve seeming to cause a reflex 
twitch, 25 curare solutior 
were injected. 

Setween 5.10 and 6.3 
the brachial was stimulated t 
times, with an average rise of 
per cent, and the sciatic nin 
times, with an average rise of 47 
per cent (Fig. 5). 

Autopsy. — The cerebral fos- 
sae were found to be emptied 
their normal contents. <A_ few 
lacerated remnants of brain tissu 
were seen on the floor of t 
cavity. Blood clots filled t 
spaces not o¢ cupied by the cot 
ton which had been plugged int 
the opening in the skull to st 
the hemorrhage caused by t 
FIGURE 4. — Experiment 8, November 15, removal of the cerebral hem 

1904. Carotid blood pressure upon de- spheres. 


pressor stimulation in the rabbit, before ? 
removal of the cerebral hemispheres, and The cerebral hemispheres were 
one, four, and five and a half hours after removed in two other rabbits 
semoval. The bood pressure fell 3 Experiments 5 and 7) and in 
oU, and r cent, respectively. rhe 


one cat (Experiment 17). In one 


of the rabbits part of the cere 
T} 


bellum was also removed 
results in each case were unmistakable. The percentage fall of blo 
pressure upon stimulation of the depressor nerve and the percentage 
rise upon stimulation of the sciatic or a brachial nerve averaged 
greater after the cerebral injury than before. The comparisons in 
IV are instructive 


In each of the not exceptional cases in Table IV the absolute 


g 
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well as the percentage fall in blood pressure upon depressor stimu 
lation was at least as great after the removal of the cerebral hemi 


spheres as in the normal state. 


TABLE IV 


Animal 


mm. Hg mm. Hg mm. Hg per cent 
70) 29 
‘ 


INCREASED INTRACRANIAL PRESSURE. 


The effect on the irritability of the vasomotor centre of increasing 
the intracranial pressure was studied in four rabbits and two cats 
As the bulbar centres lie within the cranium and are therefore directly 
exposed to alterations in the intracranial pressure, the vasomotor 
apparatus must have suffered, together with the remaind 
brain, from the pressures employed. This difficulty would 
explain away a negative result, 7.¢., a failure to change 
pressure by the stimulation of afferent nerves, but it would 
the importance of a positive result, obtained necessarily from 
working under conditions obviously unfavorable 

The following protocol illustrates the observations 
Experiment 9, 


mized and 


The centra 


( rip | Prt i ka | 1 
ier nu 
Befor After 
Before After Before Aft 
mm. Hg per cent 
Rab t OS lw 
+5 33 »7 f 
6? ( +] 34 t 
R r’s solutio 
7 Rabbit 75 7 52 Removal of cere 
| 


W. 7. Porter and T. A. Storey. 


lowering the blood pressure 23, 19, 24, and 24 per cent, respectively, 


pressure bag was now placed in the cranium, through a trephi hole, 
the intracranial pressure raised until the pressure-bottle manometer mark 


95 mm. Hg. ‘The carotid blood pressure rose from 67 87 mm. H 


On stimulating the depressor nerve the blood pressure 


RE 5.— Experiment 18, March 13, 1905. | 
of the sciatic and brachial nerves before and after the removal 
spheres in a curarized cat. In the upper tracing the rise upon stimulation 
sciatic (left black band) is from 159 to 212 mm. Hg (29 per cent), and the r 
brachial stimulation (right band) is 33 per cent. In the lower tracing, taken 
removal of the cerebral hemispheres, sciatic stimulation (left band) raised t 
pressure from $5 to 150 mm. Hg (76 per cent), and brachial stimulation ri 
blood pressure 87 per cent. The membrane manometer was more “ damped’ 
lower than in the upper curve 
The intracranial pressure was reduced until the pressure-bottle manomet 
stood at zero, and after an interval was increased until this manometer 
marked 115 mm. Hg. The carotid pressure rose togs5 mm. Hg. Depres 
sor stimulation caused a fall of 32 per cent. As the stimulation ended 


stertorous breathing began and was soon very marked. ‘This lab« 


red 


breathing immediately ceased when the intracranial pressure was lowered 


to zero of the manometer scale, but the blood pressure remained at 1 
mm. Hg. A third stimulation caused a fall of 28 per cent. ‘The intra- 


cranial pressure was now increased until the pressure-bottle manometer 


read 85 mm. The blood pressure rose to120 mm. Depressor stimulatio1 


reduced the blood pressure 25 per cent. Labored, stertorous breathing 


r 


was again very marked, showing plainly on the blood-pressure cur\ 


(Fig.6). The details of these stimulations are given in Table V. 
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Autopsy.— On removing the pres 
bag had formed in the cerebi 


with clotted blood and serum. 


Experiments 19 and 20 were performed on cats. I:xperiment 14g is 
sufficiently illustrated by Fig. 7. The protocol of Experiment 20 is 


/ 


as follows: 


Experiment 20, Mar 
cannulas placed in 


brachial (median and ulna exposed and sei 


apparatus, provided with bag 2 in length 


was fixed in a trephine hole, the 1 mater 
scissors At 3.40 P. 


injected into the cul ind artifie 


ntracranial pressure Was now inc! 
cranial pressure-bottle manometer ha en from o to 
blood press ire wa 
stimulation of the s« 
Further observations > ide, 
ing the reading of the intracranial 


suspi iously small increase in the 


Ire apparat tw ted t tt DY ! 
TABLE V. 
Cal 
Intracr 
tt Before stimu Iu \fter ; 
anol er t timulat t ilat 
mm. Hg mm. Hg mm. Hg mm. Hg per cent 
) 33457 4? ) 
) 68 (63) +S 
95 S7 (S4) * }? 
1(x i 
* before t ra i 
before th in intract et sure W 
I tid irl rs lar \ n ina t 
pressure 
having hn ruptured with 
Pp. M. the sciatic nerve was stimulated, « ising the carotid pi re ft rise 
mm. Hy, Lhe 
140 m ()1 
nometer la 
(ood pressur 
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Discussion. 
As stated in the Introduction to this paper, the immediate problem 
in the present investigation was whether the work done upon the 
vasomotor centre by afferent impulses of uniform strength is lessened 


FIGURE 6. — Experiment 9, November 21, 1904. Carotid blood pressure in the rabbit, 


upon stimulation of the depressor nerve (1) with the intracranial pressure about 


normal, and (2) with the intracranial pressure raised until the pressure-bottle ma 


nometer records 85 mm. Hg. In curve 1 (left), without increase of intracranial pres 


sure, the blood pressure was 68 mm. Depressor stimulation lowered it 24 per cent 
In curve 2, with increased intracranial pressure, the blood pressure was 120 mm., and 
depressor stimulation lowered it 26 per cent. At this moment stertorous breathing 
set in, well shown in the tracing. The breathing became normal on reducing the 


intracranial pressure to its usual level. 


by coincident impulses discharged from gross mechanical injuries of 
the brain. Before discussing this problem it will be profitable to 
consider a phenomenon which appeared as soon as the experiments 
began ; namely, the sudden and great fall of blood pressure occasioned 
by blows on the skull. Table VI records five such injuries, the 
average reduction in blood pressure being 61 per cent.! 

This remarkable descent of the blood pressure is not to be as 
cribed to the heart. Arrest of the heart was indeed observed to take 
place in Experiment 22, described in the section on penetrating wounds 
(page 186), but this arrest is very brief, and would not account for a 
change prolonged through many minutes. The cause of the latter 
must be sought in the bulbar vasomotor cells. On examining Table V1 


1 It must be remembered that some time necessarily elapses between the blow 
and the record of blood pressure. During this interval the pressure was probabl\ 
lower than that recorded in Experiment 2, Table VI. 
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it will be seen that in Experiment 3, a and b, upon a rabbit, and in 
Experiment 21, upon a cat, the blood pressure fel! each time about 70 


FIGURE 7. — Experiment 19, March 22,1905. At the left of the tracing, the car 
pressure in the curarized cat stands at 70mm. Hg. Upon raising the 
pressure, the blood pressure rises to 105 mm. On stimulation of the cent: 
the sciatic nerve (first black band) the blood pressure rises 33 per cent 


tion of one of the brachial nerves (second black band) the blood | 


cent. The intracranial pressure was now reduced to its ley 
whereupon the blood pressure fell to60 mm. Previous to the 
the pressure bag was in place, but the intracranial pressure not 


tion of the sciatic nerve increased the blood pressure 27 p 


per cent. In Experiments 1 and 2 the record was less, probably be 
cause the interval between the blow and the record was longer, thus 


allowing a greater rise towards the normal. In the five observations, 


TABLE VI 


Carotid blood 


Experiment Animal 
pressure falls 


mm. Hg per cent 
from 60 to 33 27 45 
90 to 
100 to 
60 to 


140 to 35 


the level reached by the descending pressure averaged 33 mm. Hg. 
This is about the level to which the blood pressure sinks on section 
of the vasoconstrictor fibres in the spinal cord, as the following ex 
periments show: 


» 
fa 
] Rabbit 
2 Rabbit 
3a Rabbit 
3 Rabbit 
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Experiment January 28, 1907.— The crural blood pressure in an etherized 
cat was recorded with a mercury manometer. On section of the spinal 
cord at the seventh cervical vertebra the blood pressure fell from 120 to 
32 mm. Hg (73 per cent). 

Experiment January 29, 1907.— The crural blood pressure in an etherized 
cat was recorded with a mercury manometer. ©n section of the spinal 
cord at the junction of the sixth and seventh cervical vertebra, the blood 
pressure fell from 86 to 28 mm. Hg (67 percent). The distal segment 
of the spinal cord was then destroyed by passing a large iron wire down 
the vertebral canal. The blood pressure rose temporarily, but soon san] 
to its former level. As it is difficult to be certain that the cord has beer 
destroyed by pithing, the vertebral arches were now cut through and the 
fragments of the cord from the sixth cervical to the second lumbar verte- 


bre removed. ‘The blood pressure still remained at 28 mm. 


It seems probable, therefore, that the concussion produced by the 
blow on the skull threw out of function for a time the bulbar vaso- 
motor centre, producing an effect equal in degree to the severing of 
the vasoconstrictor paths in the cord. 

Unquestionably this condition is dangerous, though in most of our 
experiments the blood pressure returned shortly to its former level. 
Recent observations ! have shown that if the blood pressure be low 
ered continuously, either by external hemorrhage or by filling the 
portal system and other large veins out of the arteries, a critical zone 
will be reached below which the usual afferent impulses cease to 
call forth a reflex from the vasomotor centre. The refusal of the 
vasomotor centre in these cases of hemorrhage or venous conges 
tion is due to anzwmia of the bulb, and the observations appear to 
indicate that the condition is usually self-perpetuating rather than 
self-correcting. In the present experiments the blood pressure was 
reduced almost or quite to this critical zone. Thus,in Experiment 3, 
October 24, 1904, described on page 185, a third blow on the head 
of a rabbit caused the blood pressure to fall from about 58 to 20 mm 
Hg, at which level neither depressor nor sciatic stimulation had any 
effect. In Experiment 4, October 26, 1904, a blow on the head re 
duced the blood pressure to 35 mm., but depressor stimulation still 
caused a fall of 24 percent. It is probable that in such injuries the 
critical zone is not seldom passed, and that death then takes place 


1 Presented by Dr. PORTER at the meeting of the American Physiolo 


Society, December 29, 1906 
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unless the bulbar cells are promptly supplied with an oxygenated 
sufficiently isotonic liquid. 

The chances of reaction before the critical zone is rea 
apparently greater where the fallin blood pressure is due 
cause, such as the concussion from a blow on the skull, than where 
the fall is due to a continued stream of afferent impulses from some 


injured peripheral field. Moreover, the continued local dilatation of 


the blood vessels often present in such injured peripheral fields would 


hydraulically hinder reaction, by maintaining the | 


especially where the vascular area was large, 

the splanchnic vasoconstrictor fibres. Thus ' 

tone in concussion of the brain should in the main be m 

secured than in prolonged injuries to large vascular areas, or in « 

in which a persistent stream of afferent impulses enters an abnormally 
irritable centre. 


7 


It must not be supposed that the immediate fall of 
following a blow on the skull is due to inhibition, provided thi 
abused word be understood as the arrest or depression of function 
means of nerve impulses. Injuries culminating in the gross removal 


of the brain anterior to the bulb did not materially lessen the 
power of the bulbar vasomotor cells. Indeed, 

increased this reflex power. Similar observations have 

the case of the respiratory centre. Extensive injuries very neat 
respiratory cells may not stop the respiration, although these 1 
probably pour into the respiratory cells many strong atierent 
The immediate fall in blood pressure following a blow on 
probably to be explained by the excessive mechanical vil 


vasomotor cells. The vasomotor apparatus may be 


sensitive short-arm balance, oscillating slightly about 
equilibrium and quickly responding to variations on eithe 
or efferent side. Mechanisms thus highly tuned are easi]) 
by mechanical shocks. 

We are now in a position to answer the pri 
investigation began. ‘The work done upon the 
centre by afferent impulses of uniform strength is 
coincident impulses discharged from gross mechanic 
brain. The measurements of the reflexes in cases 
fracture and intracranial hemorrhage, in penetrating w 
removal of brain substance, and in augmented intracran 


permit no other conclusion 


Ti¢ 
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In many of the injuries to the brain the reflex power of the vaso- 
motor centre was not merely preserved, but noticeably increased. 
This increase we must now consider. 

Since the investigation here presented was begun, repeated efforts 
have been made in this laboratory to obtain a significant, enduring 
fall of blood pressure by the stimulation of afferent nerves in normal 
animals, but wholly without success. The stimulating procedure 
may indeed cause the local dilatation of a great vascular area, thus 
hydraulically lowering the blood pressure, as when the intestines are 
roughly handled; but such experiments are of course useless as evi- 
dence of the depressing effect of afferent impulses upon the vaso- 
motor centre. Excluding these errors of method, in which a local 
mechanical effect prevents all access to the problem in hand, there 
is as yet no evidence that the stimulation of afferent nerves in the 
normal animal will cause a prolonged reduction of blood pressure. 

The results are very different in animals in which the irritability of 
the vasomotor apparatus has been increased by the removal of checks 
long endured, as when the pons is cut across to sever the bulb from 
the remainder of the brain. The increase in the vasomotor reflexes 
after this operation, the experiments of Langendorff, Wertheimer, 
Marckwald, Porter, and others upon the respiratory reflexes after the 
separation of the bulb from the brain and from the spinal cord, the 
experiments of Goltz and Ewald upon dogs with parts of the spinal 
cord separated from the brain, and other well-known observations, 
show that an increase of irritability in bulbar and spinal mechanisms 
after their separation from the brain is a general phenomenon. The 
loss of some of the accustomed afferent impulses disturbs the poise of 
these bulbar and spinal mechanisms. In their altered state afferent 
impulses ordinarily of but little power may occasion extraordinary 
reflexes. These disproportionate discharges are often harmless 
enough, as in the prolonged scratch reflex witnessed by Goltz and 
Ewald in their dog with “ shortened” spinal cord; but if the reflex 
centre, the irritability of which is thus augmented, is charged with a 
duty like the maintenance of the blood pressure, grave consequences 


he 


may result. Separation from the brain undoubtedly explains t 
increased reflexes in some of the present experiments. 

Another explanation must, however, be sought for the rise of reflex 
power in the cases of fracture, intracranial hemorrhage, penetrating 


wounds, and augmented intracranial pressure, which form a large 


proportion of our experiments. That the irritability of the vaso 
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motor centre was increased in these experiments is certain 

brain substance was not anatomically removed is also certa 

the cerebral hemispheres were not functionally removed, for example, 
by an increase of intracranial pressure, seems probable. There remain 
two possible explanations. [Either the increased retlex was due 
an increased irritability from some chemical stimulus, or it was due 
to the combined operation of concurrent impulses, which incr 

the irritability of the centre to a point at which the mod 

lation of the ordinary atferent nerves provoked 


powerful discharges, capable of greatly changing th 


> 
} 


In the present instance, the chemical hypothesis has little 


and we must conclude that our results in these injuries 


bulb was not separated from the brain are best explained 


in the irritability of the vasomotor centre due to concur 
It is hoped that experiments now making will bring further e\ 
of such double stimulations, 

Meanwhile, it seems clear that the dangers to be apprehended from 
the vasomotor centre in cerebral injuries are, first, the profound fall in 
blood. pressure caused by the concussion, and, second, an increased 


irritability through which very ordinary afferent impulses might cause 
violent changes in the blood pressure. The vasomotor cells ai 
exhausted. They support these rare emergencies with extri 

success. Measured by the present investigation, the first, 

we are aware, that has approached this question quantitatively, 


power continues substantially unimpaired so long as they are { 


OBSERVATIONS ON NITROGENOUS METABOLISM 
MAN AFTER REMOVAL OF THE SPLEEN 


By LAFAYETTE B. MENDEI 


From the Sheffield Laborat Phy 


ESPITE a goodly number of experimental 
over many years, it cannot be said that 
the bodily functions has received a 


some it has been made responsible 
which other investigators have in turn de 
spleen to certain factors in the production of immun 
debated; and attempts have been made to associate t 
certain phases of the digestive cycle, wit! 
The possibility that the spleen may exert son 
upon the general metabolic changes in the body 
attention of a few observers. A brief review of the 
on the connection of the spleen with metaboli 
introduction to the experiments which we have recor 
of splenectomy in man. 
Noél Paton! has studied the elimination of nitrogen (in the 


of urea and ammonium compounds) and of phosphorus in 


before and after splenectomy. The conclusion derived 


experiments is that ‘“‘ there is no essential difference 


t | Ath Ve cet ible 
or with food rich in nucleins, such as thymus 
excretion of water after a meal, probably indi 
absorption.” Less satisfactory experiments by Nicolas ; 
leading to contradictory or equally negative results, 
detailed here. 

The observed formation of uric acid in spleen pulp under fa 
conditions, as well as certain statements regarding an 


1 NOEL PATON: Journal of physiology, 
2 NICOLAS and DuMo 


IN 


nature of the metabolism either during fasting or after feedir 
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elimination of uric acid in cases of splenic hypertrophy and lienal 
leuceemia, have led to the assumption of a relationship between t 
spleen and uric acid formation jn man. Mendel and Jackson! made 
a direct study of this subject in animals after extirpation of 
spleen. In splenectomized dogs and cats the feeding of 
free and purin-yielding foods was attended by an excretion 

and allantoin such as follows in the normal animals. In star 
tion endogenous uric acid was eliminated as usual. It thus bec 
evident that the spleen is by no means the chief organ involved 
uric acid production in the living body, if indee normally pl 


any part whatever in this process. Lo Monaco®? has also report 
the excretion of 0.4-0.6 gm. of uric acid per day by a splenectomi: 
man. These facts no longer appear unexpected, since the series 


to a formation of uric acid 


purin-converting enzymes leading 


been found to have a wide-spread distribution throughout the body 


in other organs and tissues than the spleen.’ 

Two other recorded cases of splenectomy in man show little, 
any, deviation from the course of nitrogenous metabolism characte: 
istic for normal man under comparable conditions. Von Moraczewsk 
made a few analyses of the urine of a man of fifty-one years, sever 
months after removal of the spleen. The patient was in a febril 
condition (pneumonia fibrinosa, temp. 40°) during most of the peri 
of observation, rendering matters of diet and other contro] somewhat 
difficult. ‘The ingested food was apparently purin-free. Von Mora 
zewski states that the urine showed no noteworthy variation in cot 
position from what is commonly found in fevers. The distribut 
of the nitrogen was reported as follows: urea-N, 70- 
ammonia-N, 3.5-6 per cent. During the fever the 
chlorides was small, and as the temperature fell, the ammonia, 
and uric acid likewise diminished, the chloride and sodium tendi 
to increase in the urine. The elimination of phosphorus and cal 
varied from the usual in a way apparently associated with mark 
changes in the leucocytes. 


The most valuable record has been published by Umber.°® 
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History.' — The patient, E. A., a baker twenty-six years of age, was admitted 
to the New Haven Hospital September 25, 1903. The family history 
was without interest and the patient’s own history indicated attacks 


ear©ril 


malaria, whooping-cough, scarlet fever, measles, and rheumatism in 
years. He was accustomed to moderate use of alcohol. At the age 

twelve he was kicked in the abdomen just above the symphysis pubis 

acolt. The present illness began a year ago, when he first noticed that 
his clothes were becoming small about the waist. He had malaria in Oc- 
tober, 1902, but continued to work until one month ago, having previously 
contracted gonorrhoea, as a result of which a urethral discharge still per- 
sisted. A month ago he began to complain of severe darting pains from 
his back through to the front of the abdomen and downward. ‘They 


came on at night usually, and were relieved by morphine. The patient 


spoke of his trouble as a tumor, locating it in the left umbilical region, and 


was most comfortable when lying on his side. He has lost about twenty 


pounds. 

A physical examination showed a normal color of the skin, with slightly 
yellow sclera, in a somewhat emaciated patient. ‘The abdomen, markedly 
distended and somewhat tender, was the seat of an gular tumor mass 
situated mainly on the left side and extending up as high as the fifth rib. 
It was firm, easily outlined, freely movable, and not tender. ‘There was 


considerable fluid in the abdominal cavity. A blood examination failed 


to show any plasmodium. The differential leucocyte counts and othe1 
data regarding the blood will be found in a tabular summary below. 
October 3 the patient went home, but returned to the hospital on Octo- 
ber 5, without indicating any pain or abnormal temperature. 
October 8 an operation was performed by Drs. Sanford and Carmalt. 
t 


An incision, six inches long, was made from the ensiform cartilage down to 


the left of the umbilicus. Ascitic fluid escaped from the exposed peri- 
toneal cavity. The spleen was found to be enlarged and adherent on its 
convex surface. The opening in the abdomen was enlarged, the vessel 
of the spleen ligated, and the organ removed. The wound was closed 
with drainage. ‘The spleen, measuring 21 cm. * 13cm. X 9g cm., weighed 
1300 grams. ‘The pathologist’s report noted diffuse chronic hyperplasia ; 
no pigmentation; organizing thrombi. No primary cause for the enlarge- 
ment could be given from the examination. 

October 18, the stitches were removed, the patient being comfortab! 
with a temperature of gg.8° F. 

October 28, he had a severe coughing attack and expectorated a 


large amount of somewhat bloody fluid. Temperature 103.8° FF. Thi 


1 We are especially indebted to Professor W. H. Carmalt, M.D:, for tl 


opportunity to study this case and for the clinical records here presented. 
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condition continued on 

possibility of a rupture of a 

at a consultation. ‘This conditior 

ing attack, etc. (temperature 100.2 

ber 15 the wound was entirely closed, and 
was up in a chair feeling well. November 
and on December 12 the patient | 
was seen at work, and apparently well, 


after the operation. 


The examinations of the blood made at various periods are tab 


for comparison (see table on blood statistics ). 


The metabolism experiments consisted in a study of t 


he 
Lit 


sition of the urine collected in daily periods for a considerable num| 

of days. During part of the time the character of the diet 

cially regulated. The analytical methods used were as follov 

Total nitrogen was determined by the Kjeldahl-Gunning process ; ure 
Morner-Sjoquist method ; uric acid, by the Folin-Hopkins met 
monia, by the earlier procedure of Folin ;' 


total acidity (with phenolphthalein) by the fam 


sulphates by the usual gravimetric process. All 


duplicate. 


The data are summarized in a series of tables in 
are grouped into a number of periods corresponding to experimen 
conditions specifically noted (see table on urine analysis ) 

With respect to the diet it is to be noted in a general way that 


eggs, milk, toast, jellies, and occasionally a little meat, was fu 

Speaking broadly, it may be considered as a diet poor in purin-yield 
ing foods, except when these were specially prescribed in the experi 
+} 


ments. Inasmuch as our attention was particularly directed he 


question of purin metabolism, it will be noted that a purin-free dietary 
was carefully selected during some of the periods 
output of endogenous uric acid. 

Period I. — The first experiments were begun on October 25, 
teen days after the operation, at a time when the wound was rapid 
healing. The temperature of the patient was elevated during 
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somewhat too low C7 


5 
Nov | N 
vound vy 
tirels H 
during most of the time the regular light hospital fare, consisting of 
| IN: Jbid., 1 XXXV 61 


206 Lafayette B. Mendel and Robert Banks Gibson. 


HOSPI1 


per cmm ent percent. per 
$ 200 000 40 


OOO 


000 


1 Operation October 8 


BLOOD STATISTICS FROM THE HRBBPPAL RECORDS 
litferenti l leu cyte ¢ ints 
cyics = - os + — = 
Sept ent. per cer 
23 
29 53.9 32.8 9 } 0.3 
x0 +395 000 78 +,000 67.4 21.2 7.6 0.9 0.4 y 
Oct. 
1] 3.225.000 6> 26.000 S94 1.8 S.2 Of 
12 $4.0 3.8 11.4 0.4 
14 ‘ §1.8 4.2 12.8 1.2 
17 +470, 75 16,700 
20 79S 6.5 10.0 1.4 l ¢ 
3 5 5.1 119 2 
75.9 7.0 14.8 1.5 0.7 
29 20.000 75.0 14.6 4 19 
Nov 
l cece 13,000 80.3 10.8 6.0 30 
8 67.7 24.0 6.1 2.1 
Dec 
5 11.000 eeece “eee eee 


Nitroge WHOUS 4 Ve 


entire period, and sympt 
The leucocyte count rose to 
29th. A pulmonary abscess 
cident to the operation 
administration of strychn 
mild laxative whe 
fever was very sl 
at this period with that reps 

The urines were a 
of urates or uri 
always absent 
ment being readily identi 
reddish brown urines 
dark color of the urit 
severely. The urobilin may have 
referable to the liver complications ; 
gence of opinion regarding the formation 
must be made with reserve. At ail 
disappeared, although the chromogen « 
urine. In Umber’s patient the 1 
the splenectomy, thus indicating 
ment only of the liver 

The Jaffé-Obermayer test 


rS 
> 


splenectomized do 
ported.! The rd 
overlooked. 
samples. 

The variable fig 
with the dietetic habit 
of nitrogen correspon 
lished by Folin’s 
quantities of uric aci 


one would expect from a 


emphasized in a later series 


The almost com] 
corresponds with 


disease. This is so frequently associ 


1 MARCANTONI Abstra 
p- giz. 
2 Fotin: Amer 


} 
Cl i 
n increased eiiminat I 
the diet in this cont { 5 I I 
Sul] il vere est te 
id I seare | 
nit een are. wwever, 
Isappearal ot e 
ne Well-K wh 
| | | | 


208 Lafayette B. Mendel and Robert Banks Gibson. 


per cent. 


per cent. 


per cent 


ANALYSES 


Z. 


OF 


SUMMARY 


— 
5 222 - 
Ow S = = = 
“ 
= ‘ 
| 
< 
7. 
= 
> ur = = la ~ = 
jam) 


DIinTARY 


Nitrogenous Metabolism aftcr Splenectomy. 
= 


Lafayelle B. Mendel and Robert Banks Gibson. 


liet (usually milk and egg) that further comment 
nificance of this finding is unnecessary.! 
Period II During three days sweetbreads were added 


+ 


in order to study the capacity of the spleenless organism to meta 


lize exogenous purins. These experiments accordingly supplement 


the earlier investigation of one of us* on splenectomized dogs. At 
this time the general improvement of the patient was quite rapid and 
the urobilinuria was decreasing. Ihe leucocyte count averaged 
14,009 percmm. The ingestion of the nucleoproteid food elicited the 
characteristic increase in uric acid output, as in the case of dogs, 
giving renewed evidence that the spleen is not the organ primarily 
involved in the metabolic oxidation of purins to uric acid. 


Period III [he patient was next put upon a purin-free rr 
consisting of eggs, milk, wheat bread, etc., 11 ‘der to allowa 
of the elimination of endogenous uric acid. Leucocyte counts dur 
the period ranged between 9,000 and 12,000 percmm. The wou 
had entirely healed. The strict purin-free diet was taken in two 
series of days, being begun on November 29 in the second series 
On November 14 a piece of beefsteak was allowed by mistak: 
lhe urine of December 1 was accidentally lost. 

experience in our laboratory has shown that less than three days 
a purin-free diet suffice to permit an elimination of all the exoge: 
purins still retained and afford strictly endogenous data thereafte1 
[he noteworthy feature of the figures here presented is the uniform 
high endogenous output of uric acid. The average figures ordinat 
quoted for an adult man vary between 300 and 400 
We are inclined to associate the relatively high uric acid output 
constantly observed, with the disordered hepatic functions It 
assumed by many physiologists that uricolysis —the destructior 
iric acid formed in intermediary metabolism — is primarily effe 
in the liver. When this organ is excluded, an increased output (pre- 


sumably due to diminished destruction) is usually observed.*  ¢ 


responding with this, high uric acid figures have been obtained 
cases of hepatic impairment, such as cirrhosis, atrophy, etc. In the 


Cf. SOLLMANN and HOFMANN: American journal of the me 


1905. 
MENDEL and JACKSON: Amer 
A résumé of the subject | 
The Harvey Lectures, Zoc. cit 
4 Cf., for example, SWEET and LEVENE: Proceeding 


perimental Biology, 1906, iv, p. 14. 
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COMPOSITION OF THE URINE (continued). 


g2 

5 
Meal at 11. 

3 ) 

42 

47 

So 


53 


6 2 


The result of the study of this case may be summarized by the state 
ment that, aside from the incidental details already attributed to othe: 
factors, the analytical data fail to indicate any striking variations from 
the normal distribution of urinary components which can be associated 
with the exclusion of the functions of the spleen. 
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THE DETERMINATION OF WATER IN P 
By FRANCIS G. 
[From 


} 


ie a previous paper! we discussed in considera 


ROTEINS 


ble 


methods of drying food materials and physiologic: 


in high vacua. 

While the evidence secured on some of the mat 
nature, such as beef, implied that the water could 
desiccation in about two weeks, some of the veget 
persistently held water for weeks, if not, indeed, 
majority of food materials studied were combinations 
and carbohydrate, and hence little evidence was at 
what material held water so persistently. 


The recent observations of Maquenne? would see 


that extreme difficulty is experienced in determining 


starch, and although it is highly probable that the gre 


of the water so persistently retained in vegetable fox 


retained by virtue of the presence of starch in the mat 


desirable to continue this investigation and 
pure proteins. 

It was our good fortune to have an abund: 
vegetable proteins, the animal proteins being fu 
J. Gies of Columbia University, and the 
T. B. Osborne of the Connecticut Agri 
New Haven, Conn. 

Since it is the common custom of almost all invest 


mine the moisture content of animal or vegetable prot 


to constant weight in an air bath at 100°-110», it is 
importance to note the efficiency of this method 


Experiments with animal proteins. — [he series of 


used in the experiments published in the earlie 
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subjected to a comparative test to note the relative efficiency of the 
method of determining moisture by desiccation in high vacua and 
by heating in an air bath at 100. In all cases duplicate samples 
(2 grams) of the air-dry material were weighed in aluminum dishes 
§2 mm. in diameter, 15 mm. high, and provided with closely fitting 
covers. These dishes were used in practically all of the previous 
work. The materials were then placed in a vacuum desiccator in 
high vacuum, obtained by the sulphuric acid-ether method.! 


The results of this series of experiments are recorded in Table I 


rABLE I 


COMPARATIVE DESICCATION OF ANIMAL Pt} 


High Vacuum Room Temperat 
it 
Material - - 
100° f 


5 hours 


Ist week 2nd week 4th week 


Collagen and_ Elastin, 

FemurlIl.. . . 10.61 10.60 
Collagen and_ Elastin, 

Rib IV : 11.42 5 11.52 
Ossein, I Femur 11.66 11.77 
Gelatin, B Femur 11.85 


Collagen and_ Elastin, 
Femur III 


12.29 
Collagen, Tendon ¢ 


Elastin, Ligament D 2nd 


Ossein, V Femur 


The dishes were weighed at the end of one, two, and four weeks 


respectively. After the last weighing they were placed in an air 


bath at 100° and dried five hours. After cooling, they were weighed 
and again placed in a high vacuum. The final weighing wis made 
after two weeks’ desiccation in high vacuum. A special analytical 
balance with carefully calibrated weights was set aside for use in this 
investigation in order to maintain constant conditions of weighing. 
An inspection of the figures in the first three columns shows that 
at the end of two weeks the substances were nearly anhydrous, there 
being but a slight further loss during the second week. There was 
1 BENEDICT and MANNING: American chemical journal, 1902, xxvii, p. 34 


see also This journal, 1905, xiii, pp. 318 e¢¢ seg. 


(1 CEN OW ) 

10.34 10.34 

10.23 11.59 

10.75 11.80 

10.73 11.97 

12.43 12.47 10.S¢ 12.4] 

13.09 13.10 12 23 13.14 
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assumed that at the end of nine weeks these compounds would have 
reached constancy with regard to the water content. 

Comparing the results obtained after the final heating at 110° 
is seen that as with the animal proteins all the materials had gained 
in weight, the smallest gain was .50 per cent and the largest 1.15 
On subsequent desiccation in a high vacuum for three weeks, the 
loss in weight corresponded in almost every instance to the origina 


COMPARATIVE DESICCATION OF VEGETABLE PROTEINS IN A HIGH VACUUM (A1 
TEMPERATURE BaTu aT 110° C. (PER CENT OF 


High vacuum In air bath at 110 


M: ials 
fateria for 9 weeks. for 10} hou 


Edestin (hempseed) 10.98 
Edestin (No. 1) 
Legumin (vetch) 


Conglutin (yellow lupin) 


water content of the substance after desiccation for nine weeks 
Thus it appears clear that with vegetable proteins as with animal 
proteins there is a tendency for the material dried in high vacuum to 
absorb moisture even from air at a temperature of 110, and conse 


quently the method of drying these substances which involves their 


remaining in an atmosphere at 110° is unsatisfactory. The returt 
to the original degree of desiccation on placing in the desiccator 
after heating in hot air indicates that here likewise there was no 
noticeable change in weight due to oxidation or volatilization as the 
result of heating at 110 for some ten or eleven hours. 

The results obtained with the four proteins recorded in Table II 
justified a more extended study of the effect of desiccation in an ai: 
bath when compared with thatina high vacuum. Furthermore, data 
regarding the rate of drying in a high vacuum as well as the influenc: 
of heat on the anhydrous material were also desired. Consequently 
a series of vegetable proteins were subjected to a similar treatment 
Duplicate samples were placed in a high vacuum and weighed at t! 
end of two and twelve weeks respectively. At the end of this tim 
they were weighed and then placed in an air bath at 110° for ten a1 
a half hours. They were then removed from the air bath, weighe 


TABLE II 
wee 
9.83 10.97 
10.69 11.34 
10.82 10.32 10.82 
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EXTRASYSTOLES IN THE MAMMALIAN HEARI 


By ARTHUR D. HIRSCHFELDER awnp J. A. E. EYSTEI 


ry 


(From the Physiological Laboratory of the Johns Hopkins Unit 
INTRODUCTION 


HE investigations recorded in this paper were undertaken wit! 
the hope of throwing some light upon the site of origin of the 
cardiac impulse in the mammalian heart, and also to obtain, for 
physiological and clinical purposes, a further knowledge of the char 
acteristics of mammalian extrasystoles arising in the great veins as 
well as of those arising in the auricles. 
The investigations of Engelmann upon the frog’s heart have shown 
that in an extrasystole arising from a stimulus to the sinus regior 
the extrasystole and its diastolic phase (compensatory pause) plus the 


preceding cardiac cycle, is shorter than the length of time requir 


for two regular cardiac cycles. In extrasystoles arising from stimu 


lation of the auricles or ventricle, this interval is, however, just equa 
to two regular cardiac cycles. The explanation of this given 
Engelmann led him to conclude that by this method it is possible 
differentiate between that portion of the heart that initiates 
prevalent rhythm and other portions. Subsequent work 

to support this view, and it was with the purpose of attemptir 
apply this method for the differentiation of autogenetic and contra 
tile tissue in the mammalian heart that the present work wa 


undertaken. 


METHODS. 


The animals used were dogs and cats. For the extrasystole ex 
periments the animals were anesthetized, placed upon artificial r 
piration, the thorax opened after ligation of the internal mammary 
arteries, and the pericardium slit open and sewed to the margin ot 
the opening in the thoracic wall. The contractions of the right aur! 
cle and the right ventricle, in some experiments also the left auri 


were recorded by ai 
recording tambours 
and care was used 


he ling 
with the recording 
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pass through two mercurv cups on the base (Figs. 1 and 2); and 


secondly, an ordinary receiving tambour modified so as to close ar 


electrical circuit with each down-stroke of the recording pen (Fig. 3 
JM (Fig. 3), is a steel cup containing mercury. The metal arm bearing 


this cup extends only to the hard rubber piece, &, the other end of 


which is connected with the tambour by a metal arm. One termina 
wire, 4, is soldered to the metal bar bearing the mercury cup, the 
other, B, to the metal arm carrying the writing lever On the 
aluminum writing lever, about one third the distance from the end, is 


fastened a small platinum wire, which on the down-stroke of the lever 


dips into the mercury cup. The whole apparatus is of metal with 


the exception of the hard-rubber connection, A. This serves to 1 
sulate the two terminals from each other, the only possible conne 
tion being therefore by means of the mercury cup and the platinur 
wire connected with the writing arm. 

This tambour is connected with the rubber tube leading to the 
transmitting tambour attached to the right auricle, and records the 
contractions of this chamber on the record. With each systole of 
the right auricle, the writing lever descends, and the platinum wire 
makes contact with the mercury in the cup. This closes the circuit 
through the wires A and #4. These wires pass to the binding posts 
(1 and 2) of the apparatus shown in the first two figures. A battery 
is arranged in this circuit, so that with each systole of the right 
auricle the electro-magnet (3) is activated and attracts the metal 
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each beat of the right auricle, the bar 4 releases the catch, and the 
arm 10 makes one-sixteenth of a revolution. During every eighth 
beat its platinum points pass through the mercury cups. As the) 
are set at a slight angle, the point 7’ passes into the mercury of cup 7 
before the other point (6’) makes contact with the mercury of, cup 6. 
The secondary is thus short circuited when the primary circuit is 
closed. When the primary is broken, however, by the platinum point 
6’ leaving the mercury of cup 6, point 7’ has already cleared cup 
so that the secondary is open and the breaking stimulus reaches the 
electrodes. By this means, the same principle as is employed in 
the Baltzer drum, only break shocks occur. Bar 10 is movable on 
the arm (5) of wheel 8, and may be so adjusted that the breaking of 
the primary may occur at any desired interval after release. The in 
cidence of the stimulus after the previous auricular contraction is 
thus regulated, and if the clockwork is not run too long without r 
winding, such incidence is constant for succeeding extrasystoles. 
fine adjustment of the incidence is also possible by adjusting the 
writing lever of the tambour (Fig. 3) so that the platinum point that 
it carries will make contact with the mercury earlier or later in the 
auricular contraction. Interposed in the primary circuit of the c 
is a magneto-signal pen which marks on the record. When platinum 
point 6’ enters cup 6, this pen marks a down-stroke, and when it 
leaves cup 6, an up-stroke. The latter marks the instant of stimula- 
tion, and thus records graphically the incidence of the stimulus. 

By means of this apparatus it was possible to produce a series of 
extrasystoles of the heart by break induction shocks thrown in at 
any desired phase of the cardiac cycle, and each extrasystole of a 
series would be separated from the last preceding and the next fol 
lowing extrasystole by seven normal cardiac cycles. 

Series of extrasystoles were obtained with incidences of stimuli 
varying from the refractory period to late in the diastolic phase. 
The time on all records was recorded by a Jacquet chronograph 
marking one-fifth seconds. Careful starting marks were made, and 
the curves afterwards measured, and the results reduced to fractions 
of a second and tabulated. 

A number of experiments upon excised hearts fed by oxygenated 
Ringer’s solution were also performed, and the results, so far as they 
bear upon the present problem, will be reported here. 

Extrasystoles were also produced by mechanical stimuli in some 


experiments. 
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different or irregular rhythm. ‘These experiments have been repeated 
by Erlanger (5), who obtains opposite results. This observer states 
that unless the cut is made sufficiently deep to include the auricular 
portion of the auriculo-ventricular bundle, the operation is without 
effect. In our work we have produced extrasystoles by stimulation 
of this area in a number of experiments, and so far as we are able to 
determine from our results, these extrasystoles differ in no way from 
extrasystoles arising somewhat further up on the superior vena cava, 


if that portion of the so-called sinus area is stimulated which is 


left auricle; lower lin 


included in the superior vena cava. Likewise there is no definit: 


difference between extrasystoles arising from stimulation of the au 


We 


have considered it best therefore to designate all of our extrasystoles 


ular portion of the sinus and from other portions of the auricle. 


superior or inferior vena cava extrasystoles and auricular extrasys 
toles, and to avoid the term sinus extrasystole. 

Fredericq, in 1901 (6), stated that in the heart of the dog the righ 
auricular contraction precedes the left by an appreciable interval. Ir 
a recent paper (7), he repeats this conclusion, and from this and other 
observations concludes that the normal cardiac impulse originates i 
the right auricle and thence spreads over the heart, to the left auri« 
the mouths of the vena cavz, and pulmonary veins. Fredericq’s ol 
servations were made upon excised hearts. We have obtained a sim 
ilar sequence between the right and left auricles in experiments upon 
excised hearts of dogs, and also the reverse, namely, the left auricle 
contracting before the right. Fig. 4 is a tracing from an excised 
heart in which the right auricular contraction precedes the left. The 
same heart may show either sequence. 

As a result of our experiments upon hearts 77 s’¢7, however, we are 
able to state that under normal conditions the contractions of the right 
and left auricles are separated by no appreciable interval. This may 


be readily seen in the tracings Figs. 9, 10,and 11. In no experiments 
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the extrasystole occurs late in the diastolic phase, twenty hundredths 
of a second or more after the summit of the previous auricular con- 
traction. All early auricular and venous extrasystoles, on the other 
hand, are accompanied by shortened bigemini. In Table III are two 
extrasystoles with full bigemini arising from mechanical stimulation, 
one from stimulation of the superior vena cava and one from stimula 
tion of the right auricle. The incidence of stimulus is not given here, 


4c 


403 
FiGurE 6.— Two thirds the original size. Full bigeminus in an extrasystole arising f1 
stimulation (break induction shock) of the superior vena cava. Uppermost line 
right auricle; second line from top, right ventricle; third line, tracing of magnet 
signal; lowermost line, time in one-fifth second intervals. In this tracing the ris 
of the curve of the magneto pen denotes the instant of stimulation. For explana 


tion of numbers, see Fig. 5 


but from the first column of the table, which gives the incidence of 
the extrasystole after the summit of the previous auricular contraction 
(equal to incidence of stimulus plus latent period in the other tables), 
it may be seen that they are the latest extrasystoles recorded and 
occur near the end of the diastolic phase. 

Thus the question of full and shortened venous and auricular 
bigemini in the mammalian heart depends upon the time of the 
extrasystole after the preceding regular contraction, and so far as 
our results show, it is impossible by this method to determine which 
portion of the heart initiates the cardiac impulse. Extrasystoles aris 
ing from all portions of the auricles and superior and inferior vena 
cave are similar so far as the question of full and shortened bigemini 
is concerned. 

As to the origin and direction of the wave of contraction in the 
mammalian heart, our observations have led to nothing conclusive 
We have observed the dying hearts of a large number of animals. 
In only three have we seen definite and unmistakable contractions of 
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the great veins, — one in the dying heart of a dog, the other two in the 


} 
to 


dying hearts of cats. In the first the vein and auricles seemed 
beating each with an independent rhythm, sometimes one preceding, 
sometimes the other. In one of the cats the auricles and ventricles 
had ceased to beat before the appreciable contractions of the 

veins commenced, and did not again begin upon the occurrence of the 


latter. The contractions of the great veins, however, were very cleat 


> 


and there was what seemed to be definitely 2:1, 3:1, and 4: 1 rhythms 
at different times between the superior and inferior vena cava and 
portions of the auricles in the neighborhood of their mouths. The 
contractions observed in the third cat were unimportant and also 
occurred after complete stoppage of the other chambers of the 
heart. In view of the large number of dying hearts observed bi 
us and others, especially Hering, it is rather remarkable that 
the great veins contract under normal conditions, such contra 


tions in the dying heart should not be more frequently observed 


Hering (19) reports several animals in which contractions of the 
great veins occurred, some of them without corresponding contra 


tions of the auricles. August Hofmann (20), to explain the sudden 


halving of the pulse rate at the cessation of an attack of paroxys 
mal tachycardia, assumes a condition of sino-auricular block, and 
cases have been reported by Wenckebach (21), Hirschfelder (22), and 
Hewlett (23) in which there was an occasional interval between 


auricular beats equal to two normal auricula 


tion has been in these cases that in this Jong interval in which 


auricle did not beat, there was a sinus beat, which due to the 


auricular condition did not reach the auricle. Recently Hering (| 
has also reported similar tracings from animals, which however thi 
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no further light upon the subject, as he does not state whe 
contractions could be observed in the long intervals. 


Keith (1) has shown that there are definite muscular band 


from the superior vena cava to the auricles, which might 
as conducting paths. These are not collected into any one 
bundle, but there are several i rly well-defined bundles and 


tion a rather diffuse muscular connection. One of these bundles 
upon the anterior and mesial surface of the superior vena cava, 


parently arises from the auricles and splits into two bands 


embrace the vena cava, forming a sphincter-like band just above 


mouth hi undle is assumed by Wenckel 


if not the > path of impulses from the great veins to the auricle 
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auricle. In the latter case the latent period preceding the contrac- 
tions of the auricles and ventricles is several hundredths of a 
second longer than in the former. This difference may be seen by 
a comparison of the latent periods in Tables I and II with the 
same incidence of stimuli, or in Table IV, where averages of a 
number of extrasystoles of approximately equal length are given. 
Furthermore, that the impulse arising from a stimulus to the vein 
is conducted physiologically to the auricles is shown by the fact that 


FIGURE 7.— Four fifths the original size. Extrasystole 1] { is from me 
chanical stimulation of the superior vena cava Upper line, right auricle; middle 


line, right ventricle; lower line, time in one-fifth second intervals. For explanation 


of numbers see Fig. 5 


such conduction does not occur if the wall of the vein close to the 
auricle is crushed ina clamp, continuity being, however, well pre- 
served so as not to interfere with electrical conductivity. Under 
such conditions stimuli of any moderate strength or incidence ap 
plied just above the crushed area fail to give an extrasystole. Ap- 
plied however below the crushed area, the same stimulus is effective 
and gives rise to an extrasystole. The difference in distance cannot 
be of any importance, for before the clamp was applied, stimulation 
much further up on the vein was effective in giving rise to an extra- 
systole. Finally, extrasystole of the auricle and ventricle may arise 
from mechanical stimulation of the superior vena cava, as is shown 
in Table III and Figure 7. It is therefore evident that while we 
have no direct evidence that the great veins do contract first, or even 
contract at all under normal conditions, there is a path or paths con- 
necting the vein and auricles, which is capable of physiologically 


conducting an impulse arising in the great veins to the auricle. 


CHARACTERISTICS OF MAMMALIAN EXTRASYSTOLES. 


Full and shortened bigemini. — As has been stated above, auricular 


and venous extrasystoles with full bigemini occur only when the 
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stimulus and the resulting extrasystole are late in the diastolic phase 
of the previous contraction. An examination of column eight of 
Tables I and II will show that the shortening, that is to say, the dif 
ference between the length of the regular systole plus extrasystole 
and a double cardiac cycle, is in general greatest with the early extra- 
systoles, and, though not without exceptions, a fairly regular decrease 
of the shortening occurs as the incidence of the stimulus in the 
dyastolic phase is advanced. 

Compensatory pause..—_In the seventh column of the tables is 
given the extrasystolic cycle, and, for comparison, in the ninth column 
is shown the result of dividing the length of the double cardiac cycle 
by the extrasystolic cycle. In certain cases the time from the be- 
ginning of the extrasystole to the end of its diastolic phase (extra 
systolic cycle) is only equal to or less than a single cardiac cycle, 
and hence a ‘compensatory ” pause does not exist. Asa rule, how 
ever, the extrasystolic cycle is somewhat longer than a single cardia 
cycle, and this is true for extrasystoles arising from stimulation of 
the superior vena cava as well as from stimulation of the auricle. 
Measurement of a large number of extrasystoles has failed to show 
any definite relation between the length of the extrasystole and it: 

diastole and the amount of shortening of the bigeminus. There 

seems ,lso to be no definite difference in this length in relation to 
the time of the extrasystole in the diastolic phase of the previous 
regular contraction. The quotient in column nine of the tables, ob- 
tained by dividing the double cardiac cycle by the extrasystolic cycle 
is fairly constant, and shows no regular variation with the incidence 
of stimulus causing the extrasystole nor with the amount of shorten 
ing present. The diastolic phase of the extrasystole is usually desig- 
nated as the compensatory pause. The length of systole in the very 
early extrasystoles is somewhat shorter than in later extrasystoles ; 
but this difference is small, and its effect upon the comparison of th 
length of the compensatory pause by means of the length of the ex 
trasystolic cycle may be neglected. We may therefore conclude that 
whatever may be the mechanism of production of the compensatory 
pause, its degree of action is not influenced by the length of th 
“previous diastole of the heart. 

Of considerable interest is the production of a compensatory pause 

in the auricle without preceding extrasystole by means of a stimulus 


occurring very early in the diastolic phase. Examples of this are 


given in Tables I and II and in Figure 8. 
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by Meyer (25), by Cushny and 


Matthews (14), and recently by 


1 


Schultz (26) last observer 
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Conduction intervals and latent periods.— The interval consumed 
in veno-auricular conduction in extrasystoles, measured by the differ- 
ence in latent period of the right auricle in vein stimulation and in 
auricular stimulation, varies between two hundredths and four hun- 


dredths of a second. 


| 
| 
| 


I'wo thirds the original size. Early extrasyst: 

entricular conduction. Stimulus ay ed to the 

t ventricle ; ond line from top, left auricle; t 
fourth, right auricle; fifth, time in one-fifth second interval 


numbers, see Fig. 5. 


Ihe normal auriculo-ventricular conduction in the dog’s and cat’s 
heart varies between five hundredths and ten hundredths of a second, 
with an average of about seventy-five thousandths. The A-V con- 
duction in early extrasystoles shows a nearly constant lengthening. 
(The only exceptions to this rule in our experiments occurred in one 
dog with remarkably irritable heart.) This prolongation over the 
normal varies from one hundredth to six hundredths of a second. 
Though not without certain exceptions, it may be stated that the 
greatest increase in length of the A-V conduction occurs in the very 
early extrasystoles, and a gradual decrease of the prolongation occurs 
as the incidence of the stimulus is advanced in the diastolic phase. 
When the incidence of the stimulus falls twelve hundredths to fourteen 


hundredths of a second or later in the diastolic phase of the right 
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auricle, the extrasystolic A-V conduction is not prolor 
normal. The results upon which these conclusions 
given in the tables. Fig. 9 is an example of an early extrasystole 


with prolonged extrasystolic A-V conduction. Fig. 10 is an example 


of a late extrasystole with a normal A-V extrasystolic conduction 


> 


FIGURE 10.— About four fifth he original size Late extrasystole wit 
systolie auri ntricular conduction Stimulus applied to 1 


as in Fig. 9 | tion of numbers, see Fig. 5 


Fig. 11 shows a series of extrasystoles arising from a mechanical 


stimulus. The heart was not being electrically stimulated at this time 


and the tracing of the magneto-pen is to be disregarded. 


or 
} 


2 on the tracing ) 


The A-V conduction (between the lines 2 an oO 
increases with each extrasystole, and drops back to normal or nearly 
normal in the first subsequent regular systole. 

In our opinion the lengthening of the A-V conduction in early 
extrasystoles is an expression of the lowering of the conductivity 
the auriculo-ventricular bundle as the result of the passage of the 
previous cardiac impulse. The diastolic phase of the ri 
from thirty hundredths to thirty-five hundredths of a second long i 
dog’s heart beating at normal rate, and hence it is apparent that 
the depression of conductivity passes off within the first third of the 


diastolic period. This lengthening of A-V conduction in extrasystoles 
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3 
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may be of some clinical importance. Such delayed conduction has 
been considered as definite evidence of permanent disturbance of 
auriculo-ventricular conductivity, whereas in many cases it may be 
due solely to the occurrence of extrasystoles. Before making a 
diagnosis of impaired conductivity, it is therefore of importance to 
observe whether the prolonged A-V intervals accompany regular or 


extrasystoles, as in the latter case it may be of no clinical significance. 


11. —QOne half the original size. Series of extrasystoles from mecha 
ion of the right auricle. Shows prolonged auriculo-ventricular conduct 
companying the extrasystoles. Curves as in Fig. 9 he A-V conduction per 


between the lines 2 and 3 


Mackenzie (28), v. Tabara (29), and Hewlett (30) have shown that 
digitalis diminishes conductivity, and hence is contraindicated in con- 
ditions in which this function is already impaired. According to our 
evidence, such contraindication is only present with a regularly beating 
heart-or with extrasystoles occurring late in diastole. 

The latent period of the auricle to stimuli applied directly to it 


varies from five hundredths to twelve hundredths of a second, and 


this value is greatest in the very early extrasystoles and decreases as 
the incidence is advanced in the diastolic phase. This may be seen 
in the second column of Table II. This difference is also apparent 
in the latent period of the ventricle upon auricular stimulation. We 
have here, however, two factors acting in the same direction as the 
incidence of the stimulus advances: first, the decrease in the latent 
period of the auricle, and, second, the gradual decrease of the pro- 


longation of the A-V conduction. The difference in the latent period 
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of the auricle in vein stimulation and in stimuli 
it, has been brought out above. In stimuli applied 
contractions of the two auricles, so far as we can determine from our 
records, is simultaneous. In stimuli applied to either auricle it is 
often possible to observe a small difference in the 
traction of the two auricles, that is, a short interval of 
conduction. 

Refractory period. — With submaximal stimuli the earliest 
which will cause an extrasystole is about four hundredths of a second 
after the begining of the diastolic phase of the right auricle, measured 
from the tip of the previous auricular contraction. The incidence 
necessary is less when the stimulus is applied to the superior or 
inferior vena cava than when it is applied to the auricle, due to the in 
terval of conduction from vein to auricle. In other words, an incidence 
of stimulus, which if thrown into the auricle would fall within the 
refractory period, may, if thrown into the vein, reach the auricle afte: 
the refractory period has passed. This suggests the possibility that 
the refractory period of the vein, if such is present, passes off before 


that of the auricle, but with our present knowledge it is dangerous to 
carry this speculation too far. 
The refractory period may be decreased by increase of the strength 


of stimulus. An example of this is given in the second and third 
extrasystoles of Table I. Similar observations have been made by 
Schultz (31) in hearts of cold-blooded animals. This observer recog 
nizes two divisions, a variable refractory period which may be mad 
to disappear with increase of stimuli, and an absolute refractory period 


which remains constant towards all electrical stimull. 


CONCLUSIONS. 


1. The rule formulated by Engelmann for the cold-blooded heart 
to differentiate between autogenetic and contractile heart tissue by 
means of extrasystoles, has yielded only negative results in our hands 


when applied to the mammalian heart. We are unable to determine 


by this method that portion of the mammalian heart from whi 


} 


impulse arises. The so-called sinus region of the dog's and c: 
shows no difference in this respect from cther portions of the auri 
and great veins. 

2. Extrasystoles of the mammalian heart show full shortened 


bigemini according as the extrasystole falls late ‘arly in the 
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diastolic phase of the previous contraction. This applies to extrasys- 
toles arising from stimulation of the great veins as well as to those 
from stimulation of the auricles. 

3. There is a physiological as well as anatomical path connecting 
the superior vena cava with the two auricles, which conducts an 
impulse arising in the former to the latter according to physiological 
laws. 

4- The auriculo-ventricular conduction is prolonged in early 
extrasystoles of auricular and venous origin, and becomes normal in 
extrasystoles occurring after the first third of the diastolic period. 

5. The two auricles of the mammalian heart under normal con 
ditions contract simultaneously. In dying hearts either the one or 
the other may precede. 

6. Atropinization has no definite effect upon ordinary extrasystoles. 
We were unable, however, to obtain the phenomenon of compensatory 
pause without preceding extrasystole in these experiments. 

7. The length of the compensatory pause in extrasystoles of auric- 
ular and venous origin is quite constant and does not seem to vary 
with the incidence of the extrasystole or with the region from which 
the extrasystole arises. 
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CONCERNING THE NEUTRALITY OF PROTOPLASM 


HENDERSON aAnp O. F. 


y has been pointed out by one of us! that the phosphates of prot 
I 


asm must be concerned in the neutralization of acid produced 
by or introduced into the cell, and that they should be able to accom 
plish this result with very little change in hydrogen ionization ever 
when considerable amounts of acid have to be taken care of. Asa re 
sult of this idea it has seemed desirable, both because of the normal 
production of acid substances in metabolism, in particular sulphuri 
acid and phosphoric acid, and because of the great importance of the 
pathological production of acid substances, to endeavor to study the 
changes in equilibrium which occur in protoplasm upon the addition 
of acid. Clearly it is necessary to proceed by slow degrees in such 
an investigation, commencing with a system composed of a few 
only of the constituents of protoplasm, those which for theoretic 
reasons seem to be probably most concerned in the matter, and after 
the simpler equilibrium has been made clear, by the addition one 
one of other substances, to determine their effect. In the end it 
should be possible to test conclusions with some such preparation 
the expressed juice of muscle. 

For several reasons an aqueous solution made up of mixtures of 
phosphoric acid, carbonic acid, and sodium or potassjum hydroxide 
in varying amounts, seems a suitable subject of study for the purpose 
of collecting preliminary information, and it has been employed in the 
present investigation. 

rhe results of the investigation indicate that in the presence 
free carbonic acid it is impossible to obtain a solution which contains 
less than one molecule of mono-sodium or mono-potassium phosphate 
for every nine molecules of di-sodium or di-potassium phosphate, and 
on the other hand that sodium bi-carbonate cannot exist in consi 
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the system must be able to neutralize relatively enormous quantities 
of acid without becoming acid. On the other hand, the presence of 
an excess of carbonic acid must be sufficient absolutely to prevent 
even the slightest alkalinity if there were a tendency in that direc 
tion. Quite possibly the range of neutrality in the system is greate: 
at body temperature than at 20°, and it may further be extend 
by the co-operation of other substances, a possibility which is now 
being investigated in this laboratory. 

Blood plasma containing almost no phosphate may present a some- 
what different case to that here considered, and it is possible that in 


such a case much greater variation in hydrogen ionization may occur 


EXPERIMENTAL. 


A series of preliminary experiments were made to determine the 
condition of equilibrium in dilute solutions of di-sodium and di-potas- 
sium phosphates in coritact with carbonic acid of different tensions 
The experiments were carried out by saturating solutions of the phos- 
phates at room temperature with mixtures of carbonic acid and air 
carefully prepared, containing respectively 30, 60, and 100 per cent 
carbonic acid at a tension of 76 cm. of mercury. In the resulting 
solutions carbonic acid was estimated by treating 25 c.c. of the 
solution with acid and collecting the carbonic acid given off in an 
ordinary potash bulb according to the usual method of organic analy- 
sis. Another portion of the solution was tested with indicators ac- 
cording to the method of Salm.! In every case the final mixtures 
prepared at room temperature gave with rosolic acid the faint pink 
color which according to Salm corresponds to a hydrogen ionization 
of 107’, and, as we have found in confirmation of Salm’s determina- 
tions, corresponds to a mixture of mono- and di-sodium phosphates 
in the molecular ratio 4.5: 5.5 and to mixtures varying not a little 
from this ratio in either direction. The preparations were then in 
all cases neutral; that is to say, they contained less than 10° hydro- 
gen ions and less than 10~* hydroxyl ions. The data of the prelimi- 
nary experiments are collected in Table I. 

Evidently in the above solutions an adjustment of equilibrium, 
varying little with carbonic acid tension, such that the solution con- 
tains somewhat more di-potassium or di-sodium phosphate than mono- 
sodium or mono-potassium phosphate is established. The above 
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this investigation it is hoped that the conditions of equilibrium in 
solutions made up of sodium hydrate, phosphoric acid, and carboni 
acid at a temperature of 40° will be accurately established. 


TABLE Il 


NaH,PO,:Na,HPO,: NaHCO 


gm 
(Na 0.6 m 1) 0.205 0.021 
I PO, 0.2m 2) 0.191 0.021 


(SO, 0.033 m 3) 0.199 0.021 


Ob6m ] 0.02] 
0.2 m 0.021 
(SO, 0.067 m 3 14! 0.021 


Na 


Na 0.6 
0.2 m 0.021 


SO, 0.1 m ) 0.02] 


(Na 0.6 m 
LV PO, 0.2 m (1) 0.045 0.021 
1 


SO, 0.133 m (2) 0.047 0.021 


(Na 0.6m 
V PO, 0.2m 0.025 


SO, 0 L166 


We are greatly indebted to the Proctor 


investigation. 


SUMMARY. 


It is shown that in the presence of both free and combined 


bonic acid at 20° mono- and di-sodium phosphates can exist only 
molecular proportions varying between 1:9 and 5: 5 approxim itely. 
All such solutions are precisely neutral, of hydrogen ioniz 

1 x 10~' nearly, according to the method of Salm, and according 
Salm’s determinations of the hydrogen ionization of phosphate solu 
tions the hydrogen or hydroxyl ionization in mixtures of mono- and 
di-sodium phosphates in such proportions cannot vary more than 


about 5 x IO 


Accordingly protoplasm is extraordinarily safeguarded, by the 


presence of phosphates and carbonates in considerable amount, from 
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THE MECHANISM OF EXPERIMENTAL GLYCOSURIA. 


By HUGH McGUIGAN anp CLYDE BROOKS. 


[From the Physiological Laboratory, Washington University, and the Hull Physiological 


Laboratory, University of Chicago.]} 


HE glycosuria caused by lesions of the nervous system, de- 

creased ability of the body to consume sugar, an increased 
production of sugar in the body, extirpation of the pancreas, the in- 
troduction of drugs, salts, or sugar, by anesthetics, asphyxia, or other 
means, is not generally believed to have the same mechanism. It is 
thought by some that the mechanism may differ not only with different 
means of production, but also with the same drug when administered 
by different methods. We believe that the mechanism is essentially 
the same in each case. 

Brown,! in 1903, showed that the glycosuria produced by the in- 
travenous injection of sodium chloride could be inhibited by the 
intravenous injection of a small amount of calcium chloride. This 
work was corroborated by Fischer? and by McCallum.’ Fischer ob- 
served that when sodium salts were injected directly into the arte- 
rial system the glycosuria was greater and more quickly recognized 
than when the injection was made into the venous system. From 
this he concluded that there were two factors involved in the mech- 
anism: one, the action on the kidney by which the diuresis was 
induced; second, an influence on the diabetic centre in the bulb 
which caused the glycosuria. He believes that while the factors in- 
volved in the production of diabetes differ, the type is the same. 
Underhill and Closson* think that the deductions of Fischer are 
drawn from insufficient evidence. From a study of the sugar content 
of the blood they believe that the mechanism differs, depending upon 
whether the salt is introduced into the artery (axillary) or into the vein 

1 Brown: This journal, 1904, x, p. 378. 

2 FISCHER: Archiv fiir die gesammte Physiologie, 1905, cix, p. I. 

® McCALLuM: University of California Publications, 1904, cvi, p. 80. 
* UNDERHILL and CLosson: This journal, 1906, xv, p. 321. 
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(femoral). When injected into the vein, they think there is a prob 
able increase in the permeability of the kidney, with polyuria and 
hypoglycamia. When the injection is made into the artery, there is 
hyperglyczemia, but no polyuria. The increased sugar content of the 
blood they think may be referred to respiratory changes provoked by 
the introduction of the salt. 

Brown, Fischer, McCallum, Underhill and Closson all give defi- 
nite results to prove that calcium chloride has a marked influence in 
inhibiting glycosuria. Sollmann! has shown that calcium chloride will 
decrease the permeability of both the living and the dead kidney. 
Aside from these statements, no adequate explanation or theory of 
how calcium chloride inhibits glycosuria has been given. 

It seems to us that a study of the physiological and chemical prop- 
erties of the calcium salt offers a clue to the explanation of the mech- 
anism. All the authors quoted agree that calcium salts will inhibit 
glycosuria. We have been able to confirm this result. There are 
several methods by which the inhibition may take place. The most 
probable are: (1) preventing an excessive sugar formation; (2) ren- 
dering the kidney impermeable to sugar; (3) forming a compound 
with the glycogen or sugar and so preventing the elimination of sugar 
by the kidneys; (4) stimulating the body to a greater consumption 
of sugar. 

The glycogen of the liver, in all probability, exists in loose combina- 
tion with colloid as proteid-glycogen. There is evidence that the 


sugar of the blood also exists in combination, as will be shown later. 


In ordinary metabolism the liberation of the glycogen may be repre- 
sented * by the formula: 


riucose. 


Proteid-glycogen glycogen ‘ 


When salts causing glycosuria are injected, it is conceivable that 


the reaction is hastened, and using sodium sulphate as a type 
Proteid-sulphate —» glycogen —» glucose. 


The action of the salt tl 


1en is to increase the liberation of the gly- 
cogen, which is rapidly hydrolyzed to sugar with glycosuria as a 
result. The injection of the salt may also cause a simultaneous 


decrease in the oxidative energy of the organism, both factors leading 
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to hyperglycaemia; but decrease in oxidation is not necessary for 
such a condition. So far we have been unable to demonstrate a de- 
crease in the oxidative energy of the tissues of dogs that were highly 
glycosuric. Neither is hyperglycaemia necessary in the production 
of glycosuria, although it is usually found when glycosuria is demon- 
strable. In all the cases examined by us we found an increase in 
the sugar content of the blood. The real essential for glycosuria, 
however, is the presence of uncombined sugar in the blood. When 
this is present even in minute quantities, sugar passes into the urine. 
This may be easily and quickly shown if an injection of sugar solution 
is made into the renal artery. When this is done, sugar appears in 
the corresponding ureter before it appears in the other; but not all the 
sugar injected is excreted. This is in part due to the fact that the 
proteid of the blood, asa rule, retains the power to hold more sugar in 
combination than the amount that is normally found in it. Any salt 
that breaks down the proteid-glycogen compound will cause an increase 
in the sugar of the blood, and glycosuria. On the other hand, any- 
thing that prevents the breaking down of the compound, or that com- 
bines with glycogen and so renders its conversion into sugar less 
rapid, or anything that will combine with free sugar in the blood, will 
decrease or stop the elimination of sugar. Anything that will render 
the kidney less permeable may hinder somewhat the elimination of 
sugar, but the permeability of the kidney is of small import in the 
mechanism of experimental glycosuria, as will be shown in this paper. 

Calcium and some other salts combine with glycogen to form a 
compound CaC,,H,,O,,. This compound is broken down by Na,5QO,, 
NaCl, NH,CI, CO,, or even water ; in fact, by any of the salts ordina- 
rily used to produce glycosuria. The fact that CO, will break down 
the glycogen compound will explain the glycosuria of asphyxia. The 
mechanism will also explain the results of Fischer and Underhill 


with sodium chloride. Ifthe salt acts only on the proteid-s 


-glycog 
compound without interfering with the respiration, less sugar 
formed than if the respiratory centre is also involved. 

is involved, we have the added effect of NaCl plus the 

CO,. This is more likely to be the case if the injection is made close 
to the respiratory centre. Calcium chloride will inhibit sugar forma- 
“12 


also combines with proteid it will more probably form a compound 


tion, either by forming the compound CaC,,H,,O,,, or since calcium 


yroteid 
with both proteid and_ glygogen, Neilson and 
\ glycogen. 
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Terry! found that CaCl, in certain concentration will inhibit the 
transformation of glycogen into sugar. They call attention to this 
fact as agreeing with the action of calcium salts in experimental gly- 
cosuria. In rather large quantities calcium salts do inhibit glycolysis. 
We find, however, that the small quantity that is ordinarily used to 
inhibit glycosuria will hasten rather than retard the action of ptyalin 
on either starch or glycogen. A larger amount will inhibit the action 
of ptyalin, but the concentration is more than is used to inhibit gly- 


cosuria. The mechanism, therefore, of the action of calcium in the 


inhibition of glycosuria is not due to its action on tl 

zymes. The more probable action is in retarding the eliminati 
glycogen from its compounds. This retardation is due to the < 
of calcium for glycogen and proteid. Calcium very probably 
bines also with free sugar in the same manner as it does with 
gen. Our experiments show that the excretion of sugar after 
intravenous injection of calcium is less than if no calcium had 


added, while the permeability of the kidney for sugar is unchanged 


EXPERIMENTS. 
There is little to be gained by the determination of tl 
sugar in the blood. Most observers agree that there is 
in the quantity. Hypergly “emia, however, is not nece 
glycosuria. In the blood of several dogs which we 
found an average of 3.1 parts reducing sugar per I 


assume that the formation of sugar takes place 
formula 


Proteid-glycogen 


the questions to be answered are: 1. Does the glycosuria-produ 
sait act principally on the proteid-glycogen compound, 1il 
glycogen, or is its action of more importance in hastening the 
sion of glycogen into glucose? 2. In the inhibition of 
does the calcium chloride prevent the breaking of the 
glycogen compound, or does it inhibit the formation of gluco 
the glycogen aiready free? 3. Is the action of calcium of most 
tance in decreasing the permeability of the kidney ? 


On hydrolysis glycogen yields a series of dextrins and maltose, 
does starch. Either starch or dextrin, therefore, may be use 


1 NEILSON and TERRY: 
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determine the action of sodium sulphate or calcium chloride on the 


diastatic enzymes. 
METHODS. 


A I per cent starch paste was prepared by boiling 1 gm. of 
starch in water and making the volume 100 c.c. Saliva was col- 
lected, diluted one-half with water and filtered. The digestion was 
done in test tubes. In each case 5 c.c. of the starch paste was used. 
A known volume of the salt to be tested was added with water to 
make the volume 9 c.c. in each case; then 1 c.c. of the saliva was 
added, making the final volume 10 c.c. The time when digestion 
was complete was shown by the negative test with iodine. In cases 
where digestion was stopped before completion, the amount of sugar 
formed was estimated with Fehling’s solution, using the starch iodine 
indicator as per method given in Sutton’s Volumetric Analysis. The 
following table shows the. results with sodium sulphate : 

Volume of Fehling’s 


No. of tube NadSO, j } 
solution reduced 


1.0 gm. solid. 


control 


The digestion was continued for five minutes at room temperature 
(23° C.). The action of the ferment was stopped by boiling in water. 
The titrations as given in the table are in harmony with others found, 
and can be taken as average results. They show that moderate or 


even large quantities of sodium sulphate accelerate the action of 
ptyalin on starch. The amount of acceleration varies with the 
amount of the salt used. Nasse! found a maximum acceleration 


when the concentration of the salt was about 4 per cent. The accel- 
eration fer se is probably not the cause of the glycosuria, as will be 
shown below. 

Action of calcium chloride on the diastatic enzymes. — Starch 
ras taken in the same: before. and calci hloride d 
was taken in the same amounts as beltore, and caicium chloride used 


instead of sodium sulphate. 


1 NASSE: Archiv fiir die gesammte Physiologie, 1875, 


c.c. c.c 

0.2 6.2 

2. 0.5 ‘ 6.4 

3. 2.0 6.3 

4. 4-0 6.6 

6. 6.¢ 

xi. 
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contro] 


Duplicates gave concordant results. 

The action of calcium on a 1 per cent glycogen solution was deter- 
mined in the same manner, using the following concentrations of the 
calcium salt : 


No. of tube. 


control 


control 


trace 


The digestion in the first series was continued for five minutes, in 
the second series four minutes. Before titration the calcium was 
removed with sodium carbonate. Other trials gave similar results. 
It is seen from these that small amounts of calcium hasten, while 
larger amounts retard, digestion. It can hardly be said, however, that 
calcium chloride, in inhibiting glycosuria, does so by checking glycol 
ysis, as the amount that will inhibit glycosuria will hasten glycolysis. 
The concentration used to inhibit glycosuria is about 25 c.c. of 3 Mol. 
made to 1000 c.c. with 0.9 per cent sodium chloride solution. Some 
other mechanism than the action on ferments must explain the action. 
Further, mixtures of calcium chloride and sodium sulphate will cause 
a more rapid digestion than will either salt by itself. This also speaks 
against the theory that the action of calcium is on the enzymes. 


2 
> 
No. of tube Ca Volume of Fe . 
0.5 1.4 
2. I 
4. 2.0 
3 
\ ne of Fet 
Cat 
2 2.26 
2. 1.5 
3. 1.0 1.8 
}- 2.0 1.3 
2. 1.¢ 
6. 3.07 trace 
1.8 
2. 0.2 =. 
2. 1.0 
2.C 2 
5. 4.0 
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The pathology of experimental glycosuria is more probably, due to 
changes in the protoplasmic activity of the cell. Proteid by itself, 
without the co-operation of ferments, has a marked influence on 
diastatic action. 

Influence of albumen on the digestion of glycogen. —If the calcium 
proteid-glycogen compound is broken down, we may ask what 
action the products would have on the formation of sugar from glyco- 
gen. As seen above, small amounts of calcium have an accelerating 
effect on the formation of sugar. A larger quantity has a retarding 
action. To test the action of proteid on glycolysis, egg white and 
blood serum were used. Egg white was mixed with an equal quantity 
of 1 per cent glycogen solution. The action of saliva on this solution 
was compared with its action on a one-half per cent pure glycogen 
solution of equal volume. After digestion had proceeded for a definite 
time, the action of the ferment was stopped by heating. The proteid 
was removed by basic lead acetate, and the excess of lead by sodium 
sulphate. The amount of sugar was determined by titration with 
Fehling’s solution. In every case the solution which had contained 
the albumen showed a greater amount of sugar than the other. For 
example, after digestion had proceeded for three minutes 10 c.c. of 
each solution gave the following titration: 


10 c.c. proteid-glycogen solution reduced 3.0 c.c. Fehling’s solution. 


After digestion for five minutes— 


10 c.c. proteid-glycogen solution reduced 4.5 c.c. Fehling’s solution. 


10 C.Cc. glycogen 3.0 C.C. 

All of the proteid was removed. So the difference was not due to 
the reducing property of the proteid. The small reducing substance 
of the egg white can also be neglected. Serum gave similar results. 

Other observers have obtained similar results.! 

Similar results were obtained when starch was used instead of 
glycogen. Proteids are thus seen to have an accelerating action 
on sugar formation. This action may be of the utmost importance 
in explaining the mechanism of glycosuria. Chemical changes in the 
cell protoplasm which neither injure the vitality of the enzymes nor 

1 LANGLEY and Eves: Journal of physiology, 1882, iv, p.18. Also CHITTEN- 
DEN and SMITH, HAMMERSTEN’S Text book of physiological chemistry (MANDEL), 
1906, p. 292. 
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change the permeability of the kidney, may be sufficient to explain 
the inability of the body to utilize sugar, and may also explain the 
mechanism of glycosuria. The presence of proteid also lessens the 
influence of calcium on enzymes, and sustains the claim that the action 
of calcium in glycosuria is not due to its action on enzymes. 

The influence of proteid on calcium in salivary digestion. 
determine this action a I per cent starch paste was prepare 
above. Toa series of tubes containing § c.c. starch solution, § c. 
distilled water was added. Ina parallel series instead of water 
of egg white was added. All were made to the same volume, and 
of filtered saliva added. After digesting for five minutes at 
temperature, the contents of the tubes were heated in boiling 
to destroy the enzyme. The proteid and calcium was remov 
above, and after removal of the excess of lead, titrated with Feh] 
solution. Each set of tubes contained the following amount 


calcium chloride: 
\m 


contre 


trace. 


From this it is seen that proteid protects the ptyalin from the 


of calcium. Any concentration of calcium that has an inhil 


influence on starch paste alone, in the presence of proteid 
accelerating effect. The amount of calcium necessary to inhil 
glycosuria is thus rendered inert by the proteid so far as inhibition 
of the enzyme is concerned. Any action on the diastatic enzymes, 
under these conditions, must be of an accelerating character. Its 
action therefore in glycosuria must be due to the compounds which 
it forms with glycogen and proteid. There is a probability also 
calcium combines with free sugar to form a calcium-proteid y] 

The results of the intravenous injection render this opinion tenable, 
for when sugar is injected intravenously its excretion in the urine is 
lessened by the injection of calcium. If, however, after the sugar 
has disappeared from the urine, a small quantity of sugar be injected 
into the renal artery, sugar can be demonstrated in the corresponding 


ureter with the first urine collected. However, all of the suyar 


int of | 
No. of tube Cal sta 
Le I 
2. 2 2 
3- 5 1.3 
I 
5- 2. I. 
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injected will not be eliminated. This shows that the normal blood 
has power to combine with some of the free sugar, and that the 
calcium salts apparently aid this process.! While the sugar is in 
the free state it easily and rapidly passes through the kidney. But 
the action of the calcium in preventing the elimination is not by 
changing the permeability of the kidney. 

Influence of calcium on the permeability of the kidney. — Calcium 
chloride solutions injected intravenously decrease the flow of urine, 
and to that extent the permeability of the kidney is decreased. If 
sugar solution be now injected, its passage into the urine is appar- 
ently little changed. The following preliminary experiments bear 
out this assertion. 


Experiment 1.— Dog. Female. Weight 4.5 kilos. Ether anzsthesia. In 
twenty minutes 4o c.c. 7’ CaCl, was run into the jugular vein. A de- 
crease in the flow of urine followed. A sugar solution (10 c.c. 2 per cent 
dextrose) was injected into the renal artery. The urine was flowing at the 
rate of 1 c.c. every five minutes and did not contain sugar. After 
injection of the sugar solution, when 1 c.c. of urine had run from the 
ureters, sugar was easily demonstrable in it. 


It may be claimed that the amount of calcium chloride used was 
not sufficient to block the filtration of sugar through the kidney, and 
that if more had been used no sugar would have appeared. The 
amount used, however, was sufficient to cause a much smaller flow 
of urine, and as no glycosuric salt had been added, the action of 
the calcium was not lessened in that way. The next experiment 
precludes such objections. 

Experiment 2.— Rabbit. Weight 2100 gm. Urethane anesthesia. 


Salt 
Tmie. injected. 
c.c. 


Urine. Remarks. 


45 
12 45 2.9% NaCl. 6.0 No sugar. 


No sugar. 


se 


I 
40 c.c. % CaCl, 
to 260 c.c. 
0.9% NaCl. 13-5 
40.0 

0} 


Loew! (Archiv fiir experimental Pathologie und Pharmacologie, 1902, xlviii, 


‘6 
10. 


p- 410) assumes that the sugar of the blood is normally in loose combination with 
colloid. 


, 
10 
11.15 
11.28 25 5-0 | 
11.40 2 
11.45 2 
12.00 2 7 
12.20 4 
12.25 I 
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dextrose in 


NaCl. 


jueezed from bladd 
dextrose in 


rine in large quantity. 


All these solutions were run gradually int - jugular vein between 
the periods of time indicated. The very large amount of calcit 
chloride failed to stop the passage of sugar into the urine 
sugar was present uncombined in the blood. The permeabili 
kidney, therefore, is of smal] import in the mechanism of glycosut 
Similar results have been obtained on dogs, bi f 


used as much calcium chloride per kilo as we have w 


SUMMARY, 


Experimental glycosuria is not due to increased ferment activity. 
ki 


ly 
k 


Proteids of a inds accelerate the formation of sugar by the 


action of ptyalin. 

3. If sugar is free in the blood, it passes into the urine readily 
The normal sugar of the blood therefore must be in combination with 
a large molecule which prevents its passage through the 
epithelium, or else the kidney epithelium has no selective 
this compound. 

4. Calcium chloride will not prevent the passage of sugar throug 
the kidney epithelium whenever free sugar exists in the blood. 


5. The permeability of the kidney is of small import in the mec! 
anism of experimental glycosuria. 

6. The pathology of experimental glycosuria is very probably due 
to changes in the protoplasmic activity of the cell and is not related 
to ferment activity. 


12.29 I 
12.32 + Sy 
» 
12.40 Sugar, large punt 
to 20 
12.57 9% NaCl 
1.2 25 23 
1-34 CaCl 2, 
1.39 lrace gar. 
1.44 I 1 
2 7 N 
2.15 10 1% 
sugar in the 
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7. The probable mechanism of experimental glycosuria is an 
abnormal breaking down of proteid-glycogen compound. All salts 
that decompose this compound will cause glycosuria. Calcium chloride 
prevents the decomposition of this compound by the formation of a 
proteid 


ore stable compound, probably Ca 
more stable glycogen. 


From the Department of 
Vew Yor 


i? happens occasionally, even in an actively progressing science 
when investigators are keenly watching every new discovery, 
ready to test it, explain it, and correlate it with other facts, that 
a phenomenon may be quoted for years, may be universally acknowl] 


edged to be striking, interesting. and important, and yet without fall 


ing into oblivion may quite fail to receive the attention that is du 


it from investigators. Such a phenomenon is the “ treppe” or “ stair 


case.” In its literal sense this term signifies the fact that the 
repeated responses of a tissue to repeated and equal stimuli increase 
for a time in intensity. In a more general sense the phenomenon 
may be characterized as augmentation of activity resulting from pre 
vious activity. That this general fact is true of skeletal 
seems to have been recognized at about the middle of 

century, for Ranke, writing in 1865, says: ‘* Every one knows 

the first twitch of a muscle is not its greatest. With stimuli uniform 
in strength the later contractions are stronger than the earlier ones 
—a phenomenon, the reason for which has heretofore been wholly 
obscure.” So, too, in 1866 Marey called attention to the fact that 
in continued activity the height of the muscle curve at first increases 
and then decreases. kbut to Bowditch is rightly given the credit for 
having first placed the phenomenon clearly before physiologists, for 
while studying in Ludwig’s laboratory in 1871 the cardiac muscle 
of the frog, he found increased response to successive and equal 
stimuli so striking a characteristic of that muscle that he gave much 
time to its investigation, and moreover dignified it by the nam« 
‘‘treppe”’ — by which it has ever since been known. Since Bow 
ditch’s work the treppe has been a recognized physiological phe 
nomenon, and yet it has been investigated comparatively little. In 
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1875 Tiegel found it in the frog’s skeletal muscle; in 1877 Rossbach 
and Harteneck in the skeletal muscle of various mammals; in the 
same year Romanes in the contractile tissue of the bell of the 
medusa. In 1878, in his experiments on the tetanus of frog's skele- 
tal muscle, Minot gave considerable attention to the treppe. In 
1879 Sewall, in an article entitled “‘Onthe Effects of Two Succeeding 
Stimuli upon Muscular Contraction,” published an account of ingen- 
ious and clean-cut experiments, performed on the skeletal muscle 
of the frog with the aid of the pendulum myograph, many of which 
deal with augmentation of contraction. In 1880 Tigerstedt observed 
it in the contractions of a skeletal muscie when the nerve was stimu- 
lated mechanically, but he ascribed it to the nerve. In 1886, under 
von Frey's direction in Ludwig’s laboratory, Buckmaster discovered 
an interesting parallelism between the treppe and tetanus. Waller 
(1897) found the treppe exhibited in frog’s nerve when the electrical 
effect of excitation was studied. Stirling (1874) and Sherrington 
(1900) have pointed it out in the central nervous system of the frog 
and the dog respectively. These various investigators have con- 
tributed many interesting facts regarding the physical features of the 
phenomenon, such as its intensity and duration, its relations to the 
circulating blood and to the kind, intensity, rate, and direction of 
application of the stimulus, and its modifications by drugs, fatigue, 
and rest. But its cause has remained obscure, and few endeavors 
have been made experimentally to explain it. Ranke did indeed 
ascribe it to the action of minute quantities of acid, especially lactic 
acid, on the nervous system; Sewall, to an alteration of the elasticity 
of the muscle; and Tigerstedt, to an alteration of the elasticity of 
the nerve supplying the muscle. I find also that Waller has ascribed 
to carbon dioxide both the staircase which he observes in the elec- 
trical response of nerve to excitation and the staircase of muscle. 
But most investigators have been content to refer the treppe to an 
increased irritability of the acting tissue, caused by activity, and, fol- 
lowing their lead, the writers of text-books have taken refuge in the 
same shibboleth. It may be allowed that increased irritability is 
present, but when we try to analyze the term “ irritability,” we find 
that, however convenient, it offers only a shallow and unsatisfactory 
refuge. We can, I think, develop the idea of causation somewhat 
further. 

In searching for causes two possibilities at once present them- 
selves: namely, that the acting tissue is benefited either from 
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chemical substances which are formed within it during katabolism, 
or from the heat that is at the same time disengaged. From what 
is known of the influence of external heat in increasing the activity 
of muscular and nervous tissues, the latter possibility seems not 
unreasonable, and while as yet I know of no decisive experiments 
in this direction, | am not prepared to deny to the heat of metabo- 
lism a rdle in the causation of the phenomenon. The first mentioned 
possibility, however, appears at first sight less plausible, from the 
widespread biological law that the products of metabolic activity 
are detrimental, rather than beneficial, to the protoplasm in which 
they are formed. Especially has this been supposed to be true of 
muscle, the tissue in which the treppe is best known, and where 
the depressing action of the katabolic or fatigue products was pointed 
out by Ranke long ago. But the universality of this law has been 
refuted by many recently accumulated facts, and it is in these very 
fatigue products that I believe that I have found the long-desired 
solution of the problem. 

There is a very general consensus of opinion, based originally 
upon the work of Ranke, and supported by many later investigations, 
that the normal fatigue substances are at least three in number, 
namely, carbon dioxide, mono-potassium phosphate (KH,PO,), and 
paralactic acid. We can probably accept this opinion as substan- 
tially correct in so far as it goes, although there is great need of 
a detailed investigation of muscular metabolism. It is doubtful 
whether all the normal fatigue substances have yet been recognized. 
Intermediate metabolic products may yet be found to play a much 
greater rOle in altering irritability than has heretofore been suspected. 
The discovery of a supposed fatigue toxin by Weichardt is still to be 
confirmed. For the present, however, I have accepted the three 
classic fatigue substances, and have been endeavoring to fill a gap 
in our knowledge by a careful study of their physiological action 
on skeletal muscle and their rdle in the production of fatigue. 


I find that they act in ways essentially identical. Such action 


is, however, of two directly opposite modes, the appearance of the 
one or the other mode being dependent upon the quantity of the 
substance that is used and the duration of its activity. If used 
in what we may term moderate quantity, or in smaller quantity over 
a longer time, each substance is distinctly fatiguing, its action being 
characterized by a decrease in the irritability and the working power 
of the muscle, a lessened height to which the load is lifted, a decrease 
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in the total amount of work that is performed, and by other phe- 
nomena. I have discussed these results briefly in various prelimi- 
nary papers, and am now preparing a more detailed account of 
them. The opposite action of the same substances is seen when 
they are employed in small quantity or in moderate quantity for 
a brief time. Instead of a diminution of activity, there is an augmen- 
tation, which is characterized by an increase in irritability and work- 
ing power, an increase in the height to which the load is lifted, and 
an increase in the total amount of work performed — phenomena 
which are distinctive characteristics of the treppe. In the present 
paper I propose to deal only with this augmenting action of the 
substances in question. 


METHOD. 


My experiments were performed between the months of October 
and June inclusive. Both frogs and cats were employed. Before the 


preparation of the muscle the former were killed by pithing; the 


latter either were killed at once by decapitation, or were kept under 
the influence of ether throughout the experiment, and subsequent] 
were killed without recovery. When ether was employed, it was 
found necessary to use great care in keeping the anesthesia uniform. 
A sudden increase in the amount of the ether respired causes a fall 
in the height of the muscle curves. The special muscles that were 
selected for study are the gastrocnemius and various other muscles of 
the frog, and the extensor longus digitorum and the tibialis anticus of 
the cat. 

In some of the experiments with cats the muscle was left zw si¢z 
with intact circulation; its two ends were exposed; and it was stim- 
ulated directly at regular intervals by break induction shocks, the 
resulting contractions being recorded graphically. . While the record 
was in progress, the fatigue substance that was to be studied was 
added to the circulating blood, and its effect was manifested on the 
tracing. 

In other experiments, instead of maintaining the normal circulation, 
the animal was first killed and the two corresponding muscles of op- 
posite legs were artificially irrigated, the one with an indifferent 
liquid, such as 0.7 per cent solution of sodium chloride for frogs, and 
for cats either 0.9 per cent solution of sodium chloride, or whipped 
blood, and the other muscle with the same indifferent liquid contain 
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ing a known quantity of the fatigue substance. With frogs the two 
muscles were irrigated successively through a single cannula placed 
in the bulbus arteriosus, the leg whose irrigation was not desired 
being ligated for the time being. With cats irrigation was performed 
simultaneously in the corresponding muscles of opposite legs throug! 
cannulas placed in the two femoral arteries, and connected wit 

pressure bottles containing the irrigation solutions warmed to body 
temperature. [ither during the irrigation or immediately afterwar 

the two muscles, sometimes left z# sz¢z and sometimes excised, were 
similarly stimulated, and comparable graphic records were obtained 

The stimulus that was employed is the break induction 
regularly repeated. This was obtained usually through 
tion of a von Frey rheotome, two keys of which were placed in the 
primary and secondary circuits respective ly of the inductorium an 
were so arranged as to allow the short-circuiting of the make shocks 
The rheotome was kept in motion by an electric motor The con 
stancy of the stimulating current was insured by the use of a Grove 
cell. The muscle lever consisted of a piece of straw of light 
and 100 mm. in Jength. The muscle was attached to it 4 
the axis, the weight only 4 mm. from the same point. A 
cate isotonic system was thus obtained. The muscle actually 
only one-tenth of the weight that was attached to the lever 
insure a uniform abscissa the preparation was usually after-loaded 

The contractions of the muscle were recorded on the baltzar or 
the Zimmerman clock kymograph. Usually the rate of the drum 
was very slow, and the single contractions appeared as \ al lines 
very close together. When, however, it was desired to expand the 
records into the customary muscle curves, the speed was } 
increased. At such times the stimulating shocks were mediated 
through keys similar to those of the rheotome, but attached to the 
kymograph itself, and opened automatically by its mechanism. Su- 
perposition of the muscle curves was effected by lowering the drum 
a definite distance between successive records. 

In some experiments attempts were made to compare the total 
amounts of work performed by the two muscles by means of work- 
adders, but the impossibility of obtaining two work-adders capable of 
acting with entire uniformity rendered such attempts unsatisfactory. 

Further details of the method will be mentioned in the later 
accounts of the experiments. 

My thanks are due to two of my friends, Drs. Donald Gordon 
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and Edgar E. Stewart, for aid in the laboratory. Upon them has 
fallen a considerable portion of the task of performing the experi- 
ments, and they have done this with praiseworthy perseverance and 
efficiency. 

RESULTS. 


The results that have been obtained by the methods above out- 
lined can best be presented with the aid of a series of figures which 
reproduce tracings from actual experiments. The experiments here 
quoted have been selected from a very large number, in which similar 
results have been observed. Figure 1 shows the effect of carbon 


dioxide. 


January 23, 1906.— Frog: weight, 37 gm. One thigh was ligated tem 
porarily. 15 c.c. of 0.7 per cent solution of sodium chloride were in- 
jected into the bulbus arteriosus during a period of five minutes. After 
fifteen minutes more had elapsed the irrigated gastrocnemius was excised 
and prepared for direct stimulation. Maximal stimuli, 29 per minute. 
Weight actually lifted, 5 gm. Every soth contraction was recorded 
After the record was complete the temporary ligature on the opposite leg 
was removed, and 15 c.c. of 0.7 per cent solution of sodium chloride, 
through which a vigorous stream of carbon dioxide had been passed for 
several minutes, was injected through the bulbus into the opposite leg. 
After a wait of fifteen minutes the gastrocnemius was removed, and a 
record as above was made, the muscle curves rising from the same 
abscissas as those of the first muscle. The tracing shows every soth 
curve of each muscle, from the 1st to the 551st inclusive. The longer, 
or in the later contractions the lower, curves are those of the muscle 
under the influence of carbon dioxide. 


It will be observed that the curves of the muscle under the influ 
ence of carbon dioxide, from the Ist to the 151st contraction inclu- 
sive, are higher than those of the normal muscle,—in other words, 
carbon dioxide exerts at first an augmenting action. From the two 
hundred and first contraction on, the fatiguing effect is manifest. 

One of the readiest and surest means of demonstrating the aug- 
menting action of carbon dioxide is the following: Etherize a cat. 
Expose the tendon of one extensor longus digitorum, and attach i 
to a muscle lever, after-weighted and arranged to record on a slowly 
moving drum. Attach electrodes to the two ends of the muscle, 
stimulate it at the rate of twenty-five per minute, and record each 
contraction. When the treppe is nearly or quite ended, clamp the 
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trachea and thus asphyxiate the animal. There will appear a marked 
rise in the height of the muscle curves, in other words, a new 
treppe. Figure 2 shows the record of such an experiment. The 
first cross indicates the moment at which the trachea was clamped ; 
the second cross, the moment at which the heart ceased to beat 
There are two possible causes for the new treppe, absence of oxygen 
and accumulation of carbon dioxide. From such an experiment 
alone it is impossible to exclude the former, and from the analogy of 
the action of venous blood on the respiratory centre, it is perhaps 
not improbable that absence of oxygen is a real factor. The work 
of Zuntz and others, however, makes it probable that the carbon 
dioxide of the venous blood is a much more intense stimulus to the 
nerve cells of the respiratory centre than the absence of oxygen. By 
analogy, therefore, it seems altogether probable that the treppe in 
such an experiment as this is caused mainly by carbon dioxide. 


Figure 3 shows the effect produced by sarcolactic acid. 


January 27, 1906. Frog: weight, 54 gm. One thigh was ligated tempo- 


rarily. 15 c.c. of 0.7 per cent solution of sodium chloride were injected 
J 


into the bulbus arteriosus during a period of three minutes. After 


eighteen minutes more had elapsed the irrigated gastrocnemius was excised 
and prepared for direct stimulation. Maximal stimuli: 29 per minute. 
Weight actually lifted, 5 gm. Every soth contraction was recorded. 
After the record was complete the temporary ligature on the opposite leg 
was removed, and 15 c.c. of a 0.7 per cent solution of sodium chloride 


paralactic acid were injected through the bulbus into th 


G4 


containing 
opposite leg. After a wait of eighteen minutes the gastrocnemiu 

removed, and a record as above was made, the muscle curves risin 
from the same abscissas as those of the first muscle. The tracing shows 
every soth curve of each muscle, from the he 6s1st inclusive 
The longer. or in the later contractions the lower, curves are those of th 


muscle under the intiuence of paralactic acid. 


The augmenting action of paralactic acid is visible in the first one 
hundred and fifty-one contractions, after which the depressing action 
appears. 

The augmenting effect of mono-potassium phosphate is shown in 
Fig. 4. 


November 10, 1906. — A cat was killed by decapitation at 
cannula was placed at once in each femoral artery, and at 12.31 irrigation 
of the two legs was begun simultaneously under a constant pressure of 


273 
} 


Frederic S. Lee. 


150 mm. Hg and a temperature of 38.5° C. The right leg was irrigated 
by the whipped blood of a bullock, the left leg by similar blood to which 
had been added pure mono-potassium phosphate in quantity to equal 
1/150 of a grammolecular solution. The irrigation continued for five 
minutes. After its cessation the corresponding extensor longus digitorum 
muscles were rapidly excised, placed in moist chambers at room tempera- 
ture, attached to exactly similar levers, weighted by similar weights, of which 
each muscle lifted 30 gm., and stimulated simultaneously by the same 
series of maximal break induction shocks, delivered at the rate of 2g 
in the minute, while each contraction was recorded on a slowly moving 


drum. The record began at 12.41 and ended at 1.08 P. M. 


[ft the figure the upper tracing represents that of the normal muscle, 
the lower that of the muscle under the influence of mono-potassium 
phosphate. At the beginning of the record the contractions of the 
phosphate muscle were considerably greater than those of the normal 
muscle, and this advantage continued during one hundred and seven 
contractions, when the depressing action of the fatigue substance 
began to appear. 

It usually happens that the augmenting action of the fatigue sub- 
stance is present only in the early stages, and later gives place to the 
opposite effect, but occasionally atfgmentation continues throughout 
the experiment. This is well illustrated in Fig. 5. 


November 15, 1906.— A cat was killed by decapitation at 10.06 A.M. A 
cannula was placed at once in each femoral artery, and at 10.11 irrigation 
of the two legs was begun simultaneously under a constant pressure of 
150 mm. Hg, and a temperature of 38.5° C. The right leg was irrigated 
by the whipped blood of a bullock, the left leg by similar blood to which 
had been added pure mono-potassium phosphate in quantity to equal 115 
of a grammolecular solution. ‘The irrigation continued for three minutes. 
After its cessation the corresponding extensor longus digitorum muscles 
were rapidly excised, placed in moist chambers.at room temperature, 
attached to exactly similar levers, weighted so as to lift 30 gm. each, and 
stimulated simultaneously by the same series of maximal break induction 
shocks at the rate of 29 in the minute, the contractions being recorded 
on a slowly moving drum. The record began at 10.20 and ended at 
10.53 A. M. 


In the figure the upper tracing represents that of the normal muscle ; 
the lower, that of the muscle under the influence of the mono-potassium 
phosphate. At the beginning of the record the phosphate muscle is 
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seen to possess nearly twice the lifting power of the normal one, and 
it has the advantage of the latter even tothe end. The augmenting 
action of the mono-potassium phosphate is very evident. 

After this experiment was ended I made an attempt to determine 
how much mono-potassium phosphate the poisoned muscle had re 
ceived. I measured the bulk of the muscle, the bulk of the wh 
leg, and the amount of liquid that had passed through the latter. On 
the supposition, which was, of course, not literally correct, that all 
portions of the leg had received equivalent amounts of the irrigating 
liquid, the figures showed that approximately 0.0005 gm. of mono 
potassium phosphate had passed into the arteries of the muscle. This 
is a small amount ; how much of it had actually been absorbed cannot, 
of course, be known, but the fraction could not have been great. 

The augmenting action of mono-potassium phosphate may be easily 
demonstrated in the manner illustrated in Fig. 6. 


A cat was etherized and tracheotomized. ‘To insure regularity of subsequen 
piration and etherization, artificial respiration was established. ‘The rig] 
tibialis anticus was prepared for direct stimulation and the recording of its 
contractions; the crural and sciatic nerves of the right leg were cut ; 
nula was placed in the left external jugular vein ; the muscle was stimulated 
by maximal break induction shocks at the rate of 22 per minute. ‘The weight 
actually lifted was 20 gm. While the record was in progress 10 c.c. of a 
0.9 per cent solution of sodium chloride containing {’, mono-potassiu 
phosphate were injected slowly into the jugular vein. The period of 


injection and the augmenting effect appear on the tracing 


In the experiments so far reported the fatigue substances either 
consisted wholly of or contained free acid, and since their effects are 
practically identical, the obvious inference is that they act by reason 
of their acid character. This is probably true. But the following 
experiment, which is illustrated in Fig. 7, shows that it is not neces- 
sarily the whole truth. A cat was treated in the same manner as in 
the preceding experiment. At the time indicated by the signal, 10 c.c. 
of a 0.9 per cent solution. of sodium chloride containing ,, potassium 
paralactate were injected into the jugular vein. There ensued a 
marked rise in the height of the muscle curves. The solution here 
employed was a solution of the potassium salt, neutral to phenol 
phthalein, and yet the effect was the same as if the free acid had 
been injected. Such an experiment is justified by the possibility 
that paralactic acid exists in the muscle, not free, but in combination 
with potassium. 
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After this experiment was completed the skin of the animal was 
removed and the bulk of the whole body, measured by the displace- 
ment of water when submerged, was found to be 3445 c.c.; that of 
the tibialis anticus, 5 c.c. The proportion of the latter to the whole 
body was thus 1:689. The amount of the salt which was received 
by the single muscle must have been very small, yet the work per- 
formed was increased 19 per cent. 

Is the augmenting effect of the fatigue substances due to their 
action on the muscle substance itself or its nervous supply? The 
treppe occurs in both curarized and non-curarized muscles. Ranke, 
who discovered that under the influence of small quantities of lactic 
acid the minimal stimulus of the muscle-nerve preparation was de- 
creased, —in other words, that the irritability was increased, — was 
unable to observe the effect in curarized preparations. He therefore 
claimed that lactic acid acts on the nervous system alone, and he made 
this supposed fact an important part of his theory of the action of 
fatigue substances. I find myself unable to agree with Ranke in this. 
I have observed augmentation of activity after the administration of 
each of the fatigue substances in both curarized and non-curarized 
muscles. Curare, of course, depresses muscular irritability, and in 
harmony with this fact it has seemed to me that larger quantities of 
the fatigue substance are required to produce a given amount of aug- 
mentation in curarized than in non-curarized preparations. In cura- 
rized cats, for example, with maximal stimuli, after the normal treppe 
has been obtained, I have at times failed to observe the artificial treppe 
on stopping the respiration. It has appeared, however, when sub- 
maximal stimuli have been employed, and care has thus been taken 
to avoid the production of large quantities of the normal fatigue sub- 
stances. I have not attempted to examine this question exhaustively, 
but can state that according to my experiments it is not necessary 
to assume that the fatigue substances exert their augmenting action 
through any portion of the nervous system. 

If the chemical theory of the treppe, as here outlined, be true, a 
difference in the duration of the normal treppe is to be expected in 
muscles possessing an intact circulation of blood and in those from 
which the circulation has been excluded. Such a difference actually 
occurs, and is well illustrated in Fig. 8. 


December 22, 1906. At 12.25 P. M. a Cat was etherized. ‘The tibialis anticus 


muscles of the two legs were prepared for stimulation and the recording of 
contractions. At 1.19 both the external and internal iliac arteries of the 
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left leg were ligated, thus shutting off all blood supply on that side. At 
1.23 the stimulation of both muscles by the same series of break shocks 
and the records of the contractions were begun. Maximal stimuli, 25 
per minute. Weight actually lifted, 20 gm. The treppe was completed 
in the bloodless muscle after 269 contractions ; in the opposite 


after 383 contractions. 


rhe result is what might have been expected. Where the circu- 
lation of blood is maintained, the fatigue substances are continually 
washed away, and hence accumulate only slowly. Their augmenting 
action therefore continues for a considerable time. In the muscle 
from which the circulation is excluded they accumulate rapidly; their 
augmenting action reaches its maximum early, and gives place early 
to depression. In experiments similarly performed on frogs the 
treppe developed also more rapidly in the muscle lacking a circula 
tion. In an extreme case it continued in such a muscle for only five 
minutes, during which one hundred and twenty-five contractions were 
the 


maximum was not reached until the end of twenty-eight minutes 


made, while on the opposite side, with the circulation continuing, 
and after the muscle had made seven hundred contractions. In two 
other experiments the treppe of the bloodless muscle was ended 
after sixty-three and sixty-three contractions respectively, and of 
that possessing a circulation after one hundred and twenty-six and 
one hundred and three contractions. It is difficult to see how such 
differences can be explained on the theory of a simple alteration 
in elasticity: they are readily understood, however, on the chemical 
theory. 

A fact which was pointed out by Tiegel is also capable of a similar 
explanation. Tiegel found that the treppe that accompanied sub- 
maximal stimulation continued for a longer time than when maximal 
stimulation was employed. This I would interpret on the assumption 
that during maximal stimulation a larger quantity of the fatigue sub- 
stances is produced than during submaximal stimulation, and hence 
their augmenting action reaches its maximum earlier. 

It is a well-known fact that even when there is nb blood supply or 
other irrigating liquid, the fatiguing or depressing effect of previous 
muscular work gradually passes away, at least in part, when the 
muscle is allowed to rest. To acertain extent the muscle recovers 
its working power. Expressed in terms of the theory of fatigue, the 
toxic action of the fatigue substances gradually diminishes, and more 
or less disappears in the course of time. Various writers have pointed 
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out likewise that the augmenting effect of previous activity, while 
persisting for a time, continues in a diminishing ratio, and ultimately 
passes away. For example, Bowditch found for the muscle of the 
frog’s heart fed with serum, that when the interval between successive 
single stimuli was increased by stages from four seconds up to sixty 
seconds, the resulting augmentation of the contractions became less 
and less, until at the higher interval it was slight or wanting. Witl 
mammalian muscle possessing its normal circulation, Rossbach and 
Harteneck found that the treppe disappeared when the interval 
between stimuli was increased to five seconds. Buckmaster, worki: 
with the curarized frog’s gastrocnemius, showed that the after-effe: 
of a stimulus continued for a certain time, but with diminishing 
intensity; with an interval of sixty seconds between two contractio: 
augmentation was scarcely noticeable. This observed transitory 
sistence with diminishing intensity and final passing away of aug 
mentation is precisely what might be expected on the chemical 
theory of the nature of augmentation. Expressed in terms of thi 
theory, the interpretation of the fact is that the fatigue substances 
accumulate, and if the interval between stimuli be brief, they exert a 
cumulative augmenting action; but their action diminishes with 


time, and if the interval between stimuli be Jong, augmentatio: 


may entirely fade out before opportunity is given for its expression 


in the next contraction. Thus the observed analogy between the 


disappearance of depression and that of augmentation may con- 
sistently be paralleled by an analogy in the modes of explanation of 
the two. 

The chemical theory of the treppe may be extended to the explana 
tion of the mysterious process known as summation of stimuli. 
applied in its usual sense to contractile tissues, the term means the 
phenomenon wherein a stimulus, too weak to cause a contraction 
when applied singly, becomes efficient when repeated. A submini- 
mal stimulus may thus pass the threshold and become minimal and 
even supraminimal. Summation of stimuli in this sense in contractile 
tissue was demonstrated clearly by Romanes in the contractile tissue 
of the bell of the medusa. In striated muscle it was observed by 

het in the claw muscles of the crayfish. It appears to be a 
widespread phenomenon of contractile protoplasm in both animals 
and plants. I shall not here enter into an extended discussion of 
the process, but its connection with the treppe is not to be denied 
Romanes pointed out that the summation which he observed was 


The Cause of th Lreppe. 


associated with the process of st 
and it is generally acknowledged 
muscular activity occur, in large part 
the excitatory s 
stage. Gotschli 
tion in muscle will yet 
thus arising, it must 
subminimal stimulus is 

ion of stimuli and treppe 
the former term is often applie 
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maximal or ma 
treppe-like phenomena. 

An interesting e 
found that tetan 
prevented by hol 
muscle to such 
in greater contra 
applied. 
substances, and 
augmenting manner. 

Thus far in the problem of the treppe I have worl 
muscle only, and I can perhaps hardly be justifie 


conclusions to other tissues. but the phenomenon is 


similar in cardiac muscle, and apparently so in the central 


system and the peripheral nerve, 

chemical phenomena in all tl 

be sufficiently analogous t 

This is obviously so with regard 

nervous system carbon dioxide 

and there is no inherent improbability in its 

making paths of conduction that have once been tr 

of subsequent passage. ‘“ Canalization,” as Waller terms 


phenomenon, and the establishment of a chemical proce 


by no means to be unexpected. The case of the nerve { 
clear, because of the lack of evidence of metabolism wi 
the claims of Garten and Frohlich to have demonstrated { 
nerves, and Waller's inference regarding the productio: 
dioxide therein, are suggestive of further insight into 


field of research. Waller does indeed so far as 
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carbon dioxide the staircase in the electrical responses of nerve 
to excitation. 

The facts here reported seem to emphasize anew and strikingly the 
great desirableness of a very careful and full investigation of the 
physiological actions on cells, tissues, and organs of the products of 
metabolism, both intermediate and final products. We seem not yet 
to realize how potent may be the influence of such substances. It is 
true that the important parts played by specific internal secretions, 
specific auto-intoxicants, and specific inorganic salts, are being recog- 
nized, but these are probably but isolated instances of a widespread 
principle, and we incur the charge of being unscientific if without 
experimental data we deny to even the humblest katabolic product 
a possible rdle as a physiological reagent. It seems to me that 
physiology is destined to make great progress along the lines here 
indicated. 


CONCLUSIONS. 


1. The physiological action on skeletal muscle of each of the com- 
monly recognized fatigue substances, namely, carbon dioxide, para- 
lactic acid, and mono-potassium phosphate, is of two opposite modes, 
the appearance of the one or the other mode being dependent upon 
the quantity of the substance that is present and the duration of its 
activity. If present in moderate quantity, or smaller quantity for a 
longer time, each substance is depressing or fatiguing. If present in 
small quantity, or moderate quantity for a brief time, it causes an 
augmentation of activity, which is characterized by an increase in 
irritability and working power, an increase in the height to which 
the load is lifted, and an increase in the total amount of work 
performed. 

2. The augmenting action of fatigue substances is not due solely 


to free acid, since it is shown by the neutral potassium paralactate. 


3. The augmenting action of fatigue substances occurs in both cura- 
rized and non-curarized muscles. Hence it is exerted upon the 
muscle protoplasm itself. 

4. The treppe of skeletal muscle is due to the augmenting action 
on the muscle protoplasm of fatigue substances present in small 
quantity. 

5- In a muscle from which the circulation of blood is excluded the 
treppe reaches its maximum earlier than in a muscle possessing a 


| 
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circulation. This is due to the more rapid accumulation of fatigue 
substances. 

6. Tiegel’s discovery that the treppe accompanying maximal 
stimulation reaches its maximum earlier than with submaximal stimu- 
lation is explained as due to the larger quantity of fatigue substances 
produced in the former case, and the resulting earlier cessation of 
their augmenting effect. 

7. Just as recovery from fatigue is explained by a diminution of 
the toxic action of fatigue substances, so the disappearance of the 
augmenting effect of previous activity may be explained by a diminu- 
tion of the augmenting action of the same substances. 

8. Summation of stimuli may be explained as a rise of irritability 
due to the augmenting action of fatigue substances. 

g. Although the present research deals with skeletal muscle only, 
it seems not unlikely that the treppe of other muscle, the central 
nervous system, and peripheral nerve, will be ultimately explained by 
the chemical theory here presented. 
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CONCERNING GLYCOLYSIS 


By G. W. HALL 


[From the Laboratory of Biological Chemistry of the Harvard Medical . 


INTRODUCTION. 


HE mechanism of the destruction of d-glucose in the animal 

body, probably the chief source of energy for the muscle and 
for animal heat, has long been a matter of dispute and the subject of 
many theories. Since 1889, when Minkowski and von Mering pub- 
lished their investigations on pancreatic diabetes, the long-suspected 
réle of the pancreas in this important reaction has been accepted as 
proved. These authors showed that the removal of the entire pan- 
creas from a dog leads to a condition quite similar to severe diabetes 
in man, and ends in the death of the animal. However, even a small 
portion of the gland, remaining in the body quite disconnected from 
the alimentary canal, suffices almost completely to prevent the con- 
dition, otherwise established, so that the characteristic symptoms 
may be in this case slight and transient, or altogether absent. As 


a result of these and other investigations it is now generally believed 


that the pancreas supplies an internal secretion which is an essential 
factor in the normal destruction of glucose. 

In 1903 O. Cohnheim® published the results of a series of experi- 
ments which materially advanced our knowledge of glycolysis and of 
the function of the pancreas therein. Mixing the expressed juice of 
muscle and of pancreas from a recently killed dog or cat, adding 
dextrose, toluol to prevent the growth of bacteria, and sodium bicar- 
bonate to prevent acidity, he observed, after the mixtures had stood 
in the thermostat for a considerable time, a material diminution in 
the dextrose content as measured by the reduction of Pavy’s solu- 
tion. The expressed juice of pancreas unaided produced in Cohn 
heim’s experiments no effect upon the power of reduction of such 

1 Carried out with the aid of a grant from the Elizabeth Thompson Fund 


2 COHNHEIM: Zeitschrift fiir physiologische Chemie, 1903, xxxix, p. 336 
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a mixture. The expressed juice of muscle unaided produced a slight 
effect, but the calculated destruction of glucose in these experiments 
was greatly less than in the case of the co-operation of the two or- 
gans. Later Cohnheim! published a second communication confirm- 
ing his original experiments and showing that the expressed juice of 
pancreas may be replaced by an alcoholic extract of boiled pancreas. 
The results with this extract were particularly satisfactory. This 
author experienced difficulty in carrying on the experiments when 
normal saline solution was used in preparing the muscle juice, and he 
believes that sodium chloride is very injurious to the active muscle 
substance. Difficulties also arose if large quantities of the pancreatic 
component, either as expressed juice or as alcoholic extract, were em- 
ployed; accordingly he assumes an inhibitory action of pancreatic 
substance when present in large amounts. Results similar to Cohn- 
heim’s were reported at about the same time by R. Hirsch? from 
Hofmeister’s Laboratory. 

The results of Cohnheim have been questioned by Claus and 
Embden,’ who reported several experiments in which no diminution 
in the power of reduction of the mixture was to be observed; while 
in those cases where they detected a diminished power of reduction 
they found bacteria present in the mixture and ascribed the diminu- 
tion of glucose to their activity. They, however, used sodium chlo- 
ride in preparing the muscle juice, and also large quantities of the 
juice of the pancreas, and these facts, Cohnheim believes, explain the 
negative results of their experiments. In a later article Claus and 
Embden ‘ report further experiments. They maintain that bacterial 
action is the cause of the disappearance of glucose. Cohnheim, how- 
ever, in his later publications ® presents further evidence in support of 
his contention. 

In addition to the work of these authors the presence of an 
tivating substance” in the pancreas has been shown by Arnheim and 
Rosenbaum,® by de Meyer,’ and in particular by Miss Dewitt,’ who 


an 
ac- 


1 COHNHEIM: Zeitschrift fiir physiologische Chemie, 1904, xlii, p. 401. 

* Hirscu, R.: HOFPMEISTER’S Beitrage, 1905, v, p. 214. 

§ CLAUS and EMBDEN : Jdid., 1905, vi, p. 214. 

1905. vi, p- 343- 

> COHNHEIM: Zeitschrift fiir physiologische Chemie, 1905, xliii, p. 547; 
xl vii, p. 253. 

© ARNHEIM and ROSENBAUM: /éid.. 1904, xl, p. 220. 

7 pe Meyer: Archives internationales de physiologie, 1905, ii, p. 131. 

& Dewitt: Journal of experimental medicine, 1906, viii. p. 193. 
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obtained, as she believes, the active pancreatic component from the 
areas of Langerhans in pancreases the rest of which were degenerated 
so that they did not yield digestive ferments. De Meyer believes 
the pancreatic component to be in its action of the nature of an 
amboceptor. 

The present investigation aims to test the results of Cohnheim’s 
investigations and to extend our knowledge of this important physio- 
logical co-operation. 


METHOD 


Muscle juice for the experiments was invariably obtained from a 
rabbit killed by bleeding. Immediately after death the muscles were 
removed, passed through a sausage machine, and mixed with sand, 
cold water, and phosphate solution ! to preserve neutrality. From this 
mixture the muscle juice was obtained with the aid of a powerful 
hand press. To this preparation were then added glucose or another 
sugar and the pancreatic component in whatever form was chosen for 
the particular experiment. In certain series of experiments, however, 
the one component or the other alone was used. In every case the 
mixtures were shaken with toluol, and a layer of toluol was placed on 
top of them in test tubes. The reducing power of a sample was then 
measured with Pavy’s solution, and the preparations, carefully stop- 
pered with absorbent cotton, were placed in the thermostat for a 
varying period of time. At the end of the experiment the power of 
reduction was determined with Pavy’s solution, and the amount of 


glucose which had disappeared was calculated. 


The alcoholic extract of pancreas was prepared as follows: fresh 
pancreas, crushed and mixed with a small amount of water, was evap- 
orated nearly to dryness on the water bath, and thoroughly extracted 
with ninety-five per cent alcohol. The alcoholic extracts were filtered 
through cloth, united and filtered through filter paper. 

The following experimental data confirm Cohnheim’s work, and 
essentially they are repetitions of it. 

Of the four series of experiments the first test the action of the 


1 This solution consisted of nine parts di-sodium phosphate and one part mono 


sodium phosphate; its strength was about ten per cent. Such a mixture of phos 
phates, devised by HENDERSON and WEBSTER (Journal of medical 


1907, xvi), though almost absolutely neutral itself, can neutra 


acid equivalent to its di-sodium phosphate cont 


acid; see American journal of physiology, 19 


with t hy nig 
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juice of the pancreas upon glucose ; the second, the action of muscle 
juice upon glucose; the third, the action of the two juices combined 
upon glucose. In Series Four the experiments of Series Three are 


SERIES I. 
EXPRESSED JUICE OF PANCREAS + GLUCOSE. 
Calculated 


diminution of 
glucose. 


Diminution 


Original reduc- | Final reduc- 
of glucose. 


tion in glucose. Time. tion in glucose. 
per cent. 
—0.004 0.2 
0.005 
0.032 
0.017 
—0.001 


0.004 


repeated, using alcoholic extract of boiled pancreas in place of the 


expressed juice of the gland. 

It appears from the above tables that pancreatic expressed juice 
has no appreciable effect upon glucose (Series I). On the other 
hand, the expressed juice of muscle acting in neutral solution at 
40° produces a constant and marked though rather slight disap- 


SERIES II. 
EXPRESSED JUICE OF MUSCLE + GLUCOSE. 
Calculated 


diminution of 
glucose. 


Diminution 


No. of | Original reduc- Final reduc- 
of glucose. 


Time. 
exp. tion in glucose. tion in glucose. 


per cent 


0.026 0.6 
0.050 
0.092 

3.687 0.079 


4.286 0 041 


In experiments 1 and 2 sodium bicarbonate was used to preserve neutrality , in 


al] other experiments the phosphate mixture was employed. 


No. of 
exp. 
2 
3 
4 
€ 3.115 48 3.111 7 0.1 
gm. hrs. gm. 
] 4.228 26 
2 3.979 32 
3 3.766 24 
4+ 3.766 49 
5 4.327 40 CCCs 1.0 


Concerning Gilycolysts. 


SERIES 


EXPRESSED JUICE OF MUSCLE + EXPREsst! 


Original it 
reduction in , reduction in 


giucose giucose 


2116 
2.116 


3.118 


In Experiments 1 and 2, 25 c.c. of muscle juice and 
? 


creas were mixed. In Experiments 3, 4, and 5, 
the juice of the pancreas were mixed. In Experiment 6, 50 f muscle juice 


15 c.c. of the juice of the pancreas were mixed 


SERIES IV 


ALCOHOLIC EXTRACT OF PANCREAS + EXPRESSED 


Original Final 
reductior reduction in 


glucose £iucose 


em 
5.000 


In Experiments 1, 2, 6, 8, 
pancreatic extract were mixed. In Experiments 3, 4, and 


and 2 c.c. of alcoholic pancreatic extract were mixed. ! xperiment 


muscle juice and 1 c.c. of alcoholic pancreatic extract were 


i 
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llated q 
No. of Diminution 
aim 
exp. glu 
gm hrs em per cent : 
a l 3.572 15 3.506 0.066 1.7 
q 2 3.572 +0 3.378 0.194 54 
3 26 3.798 0.225 5.6 
4 1S 2.008 0.10 5.1 
5 30) 2.003 0.113 5.4 
6 | 24 3.021 0.097 3] 
f 
Calculated 
No. of Pete Diminut 
| | hrs gm per cent 
4 l 24 3.472 1.525 ( 
2 5.000 +S 3.57] 1.429 
3 4.625 24 $.250 0.375 5.1 
4 $625 4.025 0.600 13.0 
5 4.625 72 3.787 0.838 18.] 
6 3.562 24 2.637 0.925 26.0) 
2.312 18 1.950 0.362 15 
750) 995 O.975 11.0 
9 2.500 19 2.150 14 
al 5 {a 
5, 25 f muscle juice 
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pearance of glucose (Series II). When combined, however (Series 
III), these two juices are much more effective, under the conditions 
of the experiment, to produce a diminution in the power of reduction 
of the solution. Even more marked is the effect of muscle juice and 
alcoholic extract of pancreas in conjunction (Series IV). In this 
case a disappearance of nearly a third of the glucose has been noted. 
Experiments to determine the greatest possible destruction of glu- 
cose, both absolute and relative, will presently be undertaken in this 


SUMMARY OF FIRST EXPERIMENTS. 


Average destruc- Percentage 
tion in glucose. destruction. 
gm. per cent. 
Series I. Pancreas + glucose. . . « - O10 0.3 
Series II. Muscle + glucose. . 0.064 1.6 
Series III]. Pancreas + muscle + glucose . . . 0.134 4.4 


Series IV. Alcoholic extract of pancreas + muscle 
18.3 


laboratory. Variations in the amount of sugar which disappears, 
as for instance in Series IV, may well be due in great part to differ- 
ence in the activity of the muscle juice obtained from different 
animals. In such experiments as these an autolytic formation of 
reducing substance is far from improbable; such may be the case 
in Series I, Experiment I, for instance. 

Taken together, the above experiments strongly support Cohnheim’s 
conclusions in so far as the disappearance of glucose is concerned. 
In these experiments bacterial action is hard to seek, for Series I 
presents consistently negative results, Series II consistently low 
results, Series IIJ and IV consistently high results, though the 
experiments of the several series were not done consecutively. 
Moreover, the great quantity of toluol used in all the experiments 
is a strong safeguard against bacterial contamination. Finally, dur- 
ing the course of the investigation in six separate experiments cul- 
tures both aerobic and anaerobic were made after forty-eight hours, 
altogether twelve cultures. All but one of these proved sterile, 
this one showing a growth of B. subtilis. Further evidence against 
this contention of Embden will be presented later in this paper. 


SECOND EXPERIMENTS. 


The following experimental data were collected to test the possi- 
bility of separating the active pancreatic constituent from some of 
the accompanying substances with phosphotungstic acid. 


4 
) 
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An aqueous solution of the alcoholic extract of boiled pancreas was 
prepared, and to this a saturated solution of phosphotungstic acid in 
five per cent sulphuric acid was added until no further precipitate 
occurred. The precipitate was washed with dilute phosphotungstic 
acid in sulphuric acid, ground in a mortar with barium hydrate, and 
repeatedly extracted with distilled water. The aqueous extracts were 
collected, filtered through filter paper, and to the filtrate sufficient 
sulphuric acid added to remove the barium quantitatively. The 
barium sulphate was filtered off, and the filtrate evaporated on the 


water bath to a thick brown paste. The filtrate from the phospho- 


tungstic precipitate was treated with barium to remove the phos- 
photungstic acid, filtered, and the excess of barium removed by 
adding sulphuric acid, the barium sulphate filtered off,and the filtrate 
evaporated on the water bath. 

Of the two series of experiments the first (Series V) test the action 
of the phosphotungstic acid precipitate, the second (Series VI) the 


action of substances not precipitable with phosphotungstic acid. 


SERIES V 


PHOSPHOTUNGSTIC ACID PRECIPITATE 


Original 
recuction in 


It is clear, from a consideration of the above experiments, that the 
active pancreatic component is precipitated almost or quite com 
pletely with the aid of the phosphotungstic acid. Further efforts 
at separation and purification of the substance are now unde 


in this laboratory. 


( ted 
rime reductior int it f ; 
ex] 
em hrs gm pe ent 
] 2.187 ] 454) O45, 
5.675 4 2.97 ‘ 
367 2.45 1.22 
1.325 1 (999 
7 1.412 10 1.323 0.089 ( 
1.500 +0 1.354 iv 
y 2.906 1) 2.35 0.456 15.4 
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THIRD EXPERIMENTS. 


The following experiments were performed to determine the effect 


upon other sugars, a pentose, a hexose, and a di-saccharide, of muscle 


and pancreas in conjunction. 
SERIES VI. 
FILTRATE FROM PHOSPHOTUNGSTIC ACID PRECIPITATE + MUSCLE JUICI 


Calculated 


No. of Original reduc- inal reduc- 
ime diminution of 


exp. tion in glucose. n glucose 


O02 
0014 


0.002 


FRESH PANCREAS Jul 


0.015 
0.020 


0.014 


Diminutior 
glucose 
gi ucose 
gw bre gm per cent 
] 3.716 24 3.718 0.1 
2 3911 26 S97 
5.212 24 3.203 0.5 
4 214 26 3.216 
SERIES VII. 
Juice + Leveose. 
Original } ( ate 
No. of " Dir 
reduction in i ime. r ictior mi t n of 
exp f le 
evu 110s ‘ 
em hre gm per cent 
] 3.967 24 3.972 0.005 0) 
2 2.785 24 2.777 0.00 
Average 0.1] 
ALCOHOLIC EXTRACT oF ED PANCREXS Le Os! 
] 3.217 26 3.202 
2 3.217 6 3.197 0.7 
5 2.783 24 2.797 7 0.5 
2.783 40) 2.695 0.088 
Average > 097 
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SERIES VIII. 


Original 
reduction in 
arabinose 


per cent 


0.12 


ALCOHOLIK XTRACT OF BOILED PANC!I 


The results of the above experiments clearly indicate that 
heim’s mechanism is designed to destroy glucose alone, and 
specific in its action than the yeasts and other carbohydrate at 

he 


In the one experiment with positive result of t 


destr 


ferments. 
series, when 32.2 per cent of the levulose content was 
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; 
FRESH PANCREAS JUICE + MUSCLE A RABINOSE 
Final Calculated 
No. of Diminutior 
rime. reductior liminution of 
exp- of arabinose 
afa 
em hrs. em 
l 3.314 24 3.316 0.002 na 
2 3.17] 24 3.159 0.012 
A M E | A KAI 
l 2.911 24 2.903 0.0K 
2 2.911 10 2.913 0.002 0.1 
3 5.112 24 100 4 
SERIES IX 
FRESH PANCH Musc! i ros 
exp tion in lactose . tion in lact ot f la é 
gm hre gm pe ent 
: ] 4.112 24 411] 0.00] ( 
2 24 0.019 { 
ALCOHOI BOILED PANCRI M 
] $535 1.527 : 
2 3 9) 24 5. 0.017 
3 3.918 3.907 0.011 
n 
more 
ickKing 
yed, it 
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is possible that bacterial contamination occurred, or, in the long 
experiment, the ordinary mechanism of autolytic cleavage, which 
may well be different from the physiological co-operation of muscle 
and pancreas, may have produced the result; finally, it is possible 
that levulose is destroyed to a very slight extent by the physiological 
co-operation. 

In any case these experiments indicate with certainty the occur- 
rence of a highly specialized mechanism for the destruction of glu- 
cose in muscle, and accordingly they constitute one argument for the 
theory that glucose is the immediate source of muscular energy. 

It remains to be pointed out that the negative outcome of these 
experiments, with one exception, argues very strongly against the con- 
tamination of the mixture here and elsewhere with micro-oganisms. 


FourRTH EXPERIMENTS. 


The following experiments were carried out to test the action of 
trypsin upon the active muscle substance, in the hope that thus 
an explanation of the inhibitory action of a large quantity of the 


expressed juice of pancreas might be furnished. 

Evidently some constituent of pancreatin and of the expressed 
juice of fresh pancreas has a deleterious effect upon the active 
muscle substance. Not improbably this substance is trypsin. These 
experiments offer a simple explanation of the greater activity of 
alcoholic extract of boiled pancreas, particularly because the alcoholic 
extract of boiled pancreas even in great amount seems to exert 
no inhibitory effect. It may, moreover, be pointed out that sodium 
bicarbonate used by previous workers is peculiarly favorable to the 
action of trypsin. 


SUMMARY. 


1. Confirming Cohnheim, it is shown that pancreas alone is inca- 
pable of destroying appreciable amounts of d-glucose; muscle alone 
can destroy small quantities of glucose; while small quantities of 
the expressed juice of pancreas mixed with muscle juice destroy con- 
siderable quantities of glucose. Even more effective in this co-opera- 
tion than pancreas juice is the alcoholic extract of boiled pancreas. 

2. The active pancreatic substance is completely precipitated by 
phosphotungstic acid. 


Concerning Glycolysis. 


SERIES X 


ALCOHOLIC ExTrrRAcT OF PANCREAS + GLUCOSE + MuscLE JUICE DIGESTED IN 
THERMOSTAT FOR TWENTY-FOUR HouRS WITH PANCREATIN. 


| 


No. of | Original reduc- alculated 


diminution of 


glucose 


Diminution 


of glucose 


Time Final reduc- 


exp. | tion in glucose. : tion in glucose 


per cent 
0.005 0.1 


ALCOHOLIC EXTRACT OF PANCREAS + GLUCOSE + MUSCLE JUICE 


4.617 24 4.511 0.106 


ALCOHOLIC EXTRACT OF PANCREAS + GLUCOSE + MuscCLE JuICcE DIG 
THERMOSTAT FOR TWELVE HouRS WITH PANCREATIN. 


3.944 . 3.939 0.005 


4.111 4.007 0.104 
FRESH PANCREAS JUICE + MUSCLE JUICE + GLUCOSE, 


2.700 0.087 
2.226 0.076 
2.920 0.090 
106 0.011 


31) 0.007 


In Experiment 1, glucose was added immediately; in Experiment 2, after four 
hours ; in Experiment 3, after eight hours; in Experiment 4, after sixteen hours ; and 
in Experiment 5, after twenty-four hours of action in the thermostat of juice of fresh 
pancreas on muscle. In all cases the experiment was continued for twenty-four 
hours after the addition of glucose. 


3. Under the same circumstances neither arabinose, nor lactose, 
nor levulose in material quantity is subject to the same destruction. 

4. The action of bacteria to destroy glucose in these experiments 
is shown to have been absent by the failure of the mechanism with 
other sugars and by the proved sterility of the mixture. 
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gm. brs. gm. 
$322 24 4327 
2.3 
0.1 
2 2.5 
2.787 24 3.1 
2 2.302 24 33 
3 3.011 24 30 
4 3.117 24 04 
5 3.304 24 7 0.2 
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5. Trypsin or another constituent of the pancreas has a harmful 
effect upon the active muscle substance, a fact which may perhaps 
account for the apparent inhibition sometimes observed. 

6. In such experiments the use of a mixture of mono- and 


di-sodium phosphates to preserve neutrality is advantageous. 


HYDROLYSIS OF PHASEOLIN:! 


By THOMAS Bb. OSBORNE anp S. H. CLAPP. 


[From the Laboratory of The Connecticut Agricultural Experiment Stat 


HASEOLIN is a globulin which forms nearly all of the protein 
substance of the white or kidney bean (Phaseolus vulgaris). 
This protein was. formerly called legumin, and was described by 
Ritthausen ? at first under this name. Subsequently * he showed that 
it differed very distinctly from the legumin of other leguminous 
seeds, but did not give it any distinctive name. One of us? later 
made an extensive study of the proteins of this seed which confirmed 
most of Ritthausen’s observations and showed that preparations 
made under a great variety of conditions were of the same ultimate 
composition. No evidence was obtained which indicated that this 
globulin was not a definite protein substance, and it was therefore 
named phaseolin. <A small amount of another protein, phaselin, was 
found in this seed, which was separated from the extracts by pro- 
longed dialysis in distilled water or in alcohol or by heating. This 
protein differed in composition and properties from phaseolin, from 
which it could be separated, in consequence of its extreme solubility, 
in very dilute saline solutions. 
Although the former study of this seed has shown that fractional 
precipitations of phaseolin were of uniform composition, we have 
thought it desirable to supplement the former work by fractional pre- 


cipitations from ammonium sulphate solutions whereby we also hoped 


to obtain the phaseolin in a crystalline condition. 

Crystalline products were, in fact, obtained, but the conditions of 
crystallization were so difficult to maintain that completely crystal- 
lized preparations were not secured. 


1 The expenses of this investigation were shared by The Connecticut Agricultural 
Experiment Station and The Carnegie Institution of Washington, D. C, 

* RITTHAUSEN: Die Eiweisskoerper, etc., Bonn, 1872. 

8 Jbid.: Journal fiir praktische Chemie, 1884, xxix, p. 452. 

* OsBORNE: Journal American Chemical Society, 1894, xvi, pp. 633, 703, 757 
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FRACTIONAL PRECIPITATION OF PHASEOLIN. 


This fractionation was conducted by extracting the finely ground 
beans with 10 per cent ammonium sulphate solution, filtering the ex- 
tract perfectly clear, and saturating it with the same salt. The precipi- 
tate produced by saturation with ammonium sulphate was suspended 
in a little water and subjected to dialysis until a part of the salt had 
been removed and the protein dissolved by the resulting dilute saline 
solution. This solution was then filtered clear and dialyzed for four 
days, during which time a part of the phaseolin separated in octahe- 
dral crystals mixed with spheroidal forms and amorphous substance. 
fhis precipitate, A, was filtered out, and the solution, B, was returned 
to the dialyzer. Precipitate A was dissolved in 10 per cent ammonium 
sulphate solution and its clear solution dialyzed for four days. The 
precipitate again consisted of a mixture of relatively large well-formed 
crystals and non-crystalline forms. By suspending this precipitate, 
A, I, in the solution from which it had separated, and decanting, after 
a brief subsidence, and repeating this process several times, it was 
possible to obtain a quantity of these crystals very nearly free from 
non-crystalline matter, which, when washed with water and alcohol, 
formed preparation 1, having the following composition : 


C 52.49; H 6.89; N 15.88; S 0.27 per cent. 


The substance that had been decanted from preparation 1 was 
filtered out, and the filtrate, A, a, dialyzed further. The substance 
filtered from this solution was washed with very dilute ammonium 
sulphate solution, then with dilute alcohol of gradually increased 
strength, and dried over sulphuric acid. It was then again dissolved 
in 10 per cent ammonium sulphate solution, and the part that had 
become insoluble on drying was filtered out. This weighed, when 
dry, 8.3gm. The solution was dialyzed and yielded 12.5 gm. of prep- 
aration 2 which was partly crystalline, and gave the following results 
on analysis: 


C 52.51; H 6.98; N 15.83; S 0.38 per cent. 


The solution, A, a, after dialyzing for seven days, gave a precipi- 
tate containing some crystals which weighed 58 gm. This prepara- 
tion, 3, had the following composition : 


; N 15.81; S 0.33 per cent. 


0’ 
(a4 
72 
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Solution B, after four days’ further dialysis, gave a precipitate 
which was filtered out, and the solution C returned to the dialyzer. 

The precipitate was redissolved in 10 per cent ammonium sulphate 
solution and again dialyzed. The resulting precipitate, preparation 
4, which was partly crystalline, weighed 67 gm. and had the 
following composition : 


C 52-74; H 6.79; N 15.85; S 0.36 per cent. 


Solution C, after dialyzing for seven days longer, gave a precipitate 
containing some crystals which formed preparation 5, weighing 
22 gm. This was analyzed with the following results : 


C 52.11; H 6.97; N 15.44; S 0.42 per cent. 


The analyses of the fractions forming preparations 1-4 show that 
the globulin thus obtained has a constant composition. [’repara- 
tion 5 contains less carbon and nitrogen, and is evidently mixed 
with a little phaselin which was precipitated by the prolonged dialy- 
sis to which the solution had been subjected. 


PREPARATION OF PHASEOLIN FOR HYDROLYSIS. 


In preparing the large quantity of phaseolin required for hydrolysis 
the bean meal was extracted with about four parts of 2 per cent 
sodium chloride solution previously heated to 80°, in order to destroy 
any enzyme of the seed which might lead to decomposition of the 
phaseolin during subsequent dialysis. After agitating with the solu- 
tion for about three hours, the extract was filtered on paper and the 
residue squeezed out in a press. The extract thus obtained was 
filtered perfectly clear through a dense felt of paper pulp and, pro- 
tected by toluol, dialyzed in running water for four days, during 
which time most of the phaseolin was precipitated. The dialysis was 
not continued longer, in order to avoid contamination with the more 
soluble globulin. The precipitated phaseolin was collected on filters 
and then re-dissolved in 5 per cent sodium chloride brine, its solution 
filtered perfectly clear, and again dialyzed for four days. The precipi- 
tate of phaseolin which resulted was filtered out and washed thor- 
oughly with water and alcohol, dehydrated with absolute alcohol, and 
dried over sulphuric acid. The preparation thus obtained was com- 
pletely soluble in salt solution before washing with alcohol and drying, 
but after this treatment it was partly insoluble therein. It contained 
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0.74 per cent of ash and 10.45 per cent of moisture in the condition 


in which it was used for hydrolysis. 


HYDROLYSIS OF PHASEOLIN. 


Nine hundred and eighty grams of water and ash-free phaseolin 
were treated with a mixture of 1100 c.c. concentrated hydrochloric 
acid (sp. gr. = 1.2) and 1100 c.c. of water and heated at 100 degrees 
for eight hours. The solution was then boiled for twelve hours 


in a bath of oil. 
. After concentrating the hydrolysis solution under strongly reduced 


pressure very sharply, the thick syrup was esterified with alcohol and 
dry hydrochloric acid gas, as described by Fischer,! and the free esters 
liberated with sodium hydroxide and potassium carbonate. 

After drying with potassium carbonate and anhydrous sodium sul- 
phate, the ether was distilled off on the water bath and the residue 


subjected to fractional distillation.” 


DISTILLATION A. 
Temp. of bath 
Fraction. up to Pressure 


iy 14 min. 37-39 gm. 


81° 


Weight. 


113° 0-97 121.60 
150 0.84 ** 107.03 
200° 0.74 44.25 


The undistilled residue weighed 147 gm. 


The residue which remained after extracting the esters with ether 
was freed from inorganic salts and the thick syrup containing the 
hydrochlorides of the amino acids esterified as before.? As consider- 
able ester was obtained, the aqueous layer was again freed from in- 
organic salts and the esterification repeated; but the yield of ester 
on this third treatment was small. The united esters from the second 
and third esterification were distilled together. 

1 FISCHER, E: Zeitschrift fiir physiologische Chemie, 1gol, xxxiii, p. 151 

2 In view of the large quantity of distillable ester yielded by phaseolin, a 
of the ester obtained on the first was distilled with that from the subsequent 


part 


esterifications. 
> ABDERHALDEN, E.: Zeitschrift fiir physiologische Chemie, 1903, xxxvii 


p. 484. 


| 

I 

I 

IJ] 

IV 


Hydrolysis of Phaseolin. 


DIsTILLATION B 


Temp. of bat 
Fraction up to Pressure 


I 5‘ 2mm. 


‘Total 


The undistilled residue weighed 116 gm 


The fractions were worked up in the main according to the 
directions given from time to time by Emil Fischer and Emil 
Abderhalden and their collaborators. 

Fraction I: This was saponified directly after collection by evapor- 
ating with strong hydrochloric acid, and the glycocoll separated as the 
hydrochloride of the ethyl-ester. After recrystallizing from alcohol, 
it melted at 144°. 


Chiorine, 0.3014 gm. subst., gave 0.3095 gm. A; 


y 


& 
Nitrogen, 0.4183 gm. subst., required 4.21 c.c. 5 
Calculated for C,H,yO,NC] = N 10.05 ; ¢ 


The yield of glycocoll ester hydrochloride was 5.54 gm., equivalent 
to 2.98 gm. of glycocoll. 
The remainder of the fraction consisted largely of alanine, of which 
there was obtained by fractional crystallization 4.81 gm. 
Temp. of bath 
Fraction up to Pressure 
{A 81” 4mm. 
ai 
B 9 7 


The fraction was saponified by boiling with water for eight hours, 


when the alkaline reaction had ceased. The solution was then evap 


orated to dryness under reduced pressure and the proline extracted 
with boiling alcohol. , The insoluble residue subjected to fractional 
crystallization yielded 22.69 gm. of leucine. 
Carbon and hydrogen, 0.2607 gm. subst., gave o 
H.O. 
Calculated for C,H,,O,.N =C 54.89; H 10.01 per cent 
Found... . =C 54.68 H 9.99 


The substance decomposed at about 298 


10.94 gm 
Il 9 7 26.84 
113 97 36.67 ** 
IV 146 97 14.37 
200 | 37-34 “ 
N—HCl. 
40 per cent 
iy 
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The fraction further yielded 10.20 gm. of substance having the 


general properties and percentage composition of amino-valerianic 
acid, 


Carbon and hydrogen, 0.1671 gm. subst., gave 0.3144 gm. CO, and 0.1440 gm 
H,O. 
Calculated for C;H,,;O,.N =C 51.22; H 9.48 per cent. 
Fousg .... “ 


Specific rotation. — 0.7153 gm. subst., dissolved in 17.94 c.c. of 20 per cent 
hydrochloric acid rotated in 2 dem. tube 1.89° to the right at 20°. 


(a) 


20° 
D +23-74 


On again recrystallizing from dilute alcohol, a considerably higher 
rotation was found. 


Specific rotation. — 0.8005 gm. subst., dissolved in 17.94 c.c. of 20 per cent 
7°94 
hydrochloric acid rotated in 2 dem. tube 2.2° to the right at 20°. 


E. Fischer and Dérpinghaus! obtained for their preparation from 
horn: 
20° 


(au) D 


= +25-90°. 


9 


And a similar preparation from glutenin? gave: 


20° 
(a) D = +25.63°. 


As the amount of amino-valerianic acid in this fraction was com- 
paratively large, it seemed worth while, by converting to a derivative, 
to compare it with that obtained by Fischer and Dorpinghaus from 
horn and with the synthetic of Slimmer. 

The amino-valerianic acid was accordingly racemized by heating 
with baryta under pressure and again submitted to fractional crystal- 
lization. There were finally obtained 2.45 gm. of substance, which 
appeared under the microscope to be perfectly homogeneous. 


1 FISCHER and DORPINGHAUS: Zeitschrift fiir physiologische Chemie, 1902, 
Xxxvi, p. 469. 
2 OSBORNE and CLApP: This journal, 1906, xvii, p. 251. 


| 
20° 
(a) = +24.66°. 
D 4 


Hydrolysis of Phaseolin. 


Carbon and hydrogen, 0.1316 gm. subst., gave 0.2468 gm. CO, and 0.1160 gm 
H.O. 
Calculated for C;H,;,O.N =C 51.22; H g.48 per cent. 


Found... . =Cg1.15; Ho.79 


A portion was then converted into the phenylisocyanate derivative 
and the latter, by evaporating with hydrochloric acid, to the hydan- 
toine. The phenylisocyanate derivative crystallized from water in well- 
developed hexagonal plates and melted constantly at 161° (corr.). 


Carbon and hydrogen, 0.2371 gm. subst., gave 0.5315 gm. CO, and 0.1507 gm 
Calculated for C\.H,,O,;N, = C 60.95 ; H 6.84 per cent. 
. » * * 


The needles of the hydantoine melted constantly on repeated 
recrystallization from ether and petroleum-ether at 122.5° (corr.). 
While Fischer and Dérpinghaus! found for the phenylisocyanate de- 
rivative of their preparation from horn 162.5° (corr.) and 123° (corr.). 
for the hydantoine; while Slimmer? obtained in the case of the syn- 
thetic a-amino-iso-valerianic acid 163.5° (corr.) for the phenylisocy- 
anate derivative and 124°-125° (corr.) for the hydantoine. 

The remainder of the fraction consisted essentially of glycocoll and 
alanine, and for the isolation of the former it was found necessary to 
have recourse to the hydrochloride of the ethyl-ester, of which there 
was obtained 4.44 gm. of melting-point 144°, equivalent to 2.38 gm. 
of glycocoll. The filtrate from the glycocoll ester hydrochloride yielded 
12.84 gm. of alanine, from which, after considerable difficulty, a prep- 
aration was obtained which decomposed above 290° and gave the fol- 
lowing results on analysis : 


Carbon and hydrogen, 0.2131 gm. subst., gave 0.3139 gm. CO, and 
H,O. 
Calculated for C;,H.O,N = C 40.40; H 7.93 per cent. 
Fraction emp. of bath up to Pressure. Weight 
II] 113° 0.97 mm. 158.27 gm. 


1 FISCHER and DOrRPINGHAUS: Zeitschrift fiir physiologische Chemie, 1902, 
XXXVi, Pp. 470. 

2 SLIMMER, MAX D.: Berichte der deutschen chemischen Gesellschaft, tgo2 
XXXV, Pp. 403. 
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This was saponified by boiling with water for seven hours, when the 
solution ceased to react alkaline to litmus. The solution was then 
evaporated to dryness underreduced pressure and the residue ex- 
tracted with absolute alcohol to remove the proline. The insoluble 
portion was then fractionally crystallized from water, and yielded 


71.09 gm. of leucine. 


Carbon and hydrogen, 0.2824 gm. subst., gave 0.5674 gm. CO, and 0.2523 gin. 
H,0O. 
Nitrogen, 0.2950 gm. subst., required 3.13 c.c. 5/7 N—HCI. 
Calculated for C,H,,O,N = C 54.89; H 10.01; N 10.70 per cent. 
Foum . “ “ 


The substance decomposed at about 298°. 


The filtrate from the leucine contained about 9 gm. of amino acid, 
which appeared to consist, to some extent, of substances usually 
obtained in the higher fractions, among which aspartic acid was iso- 
lated as the copper salt. It seemed also to contain a not inappreci- 
able quantity of valine; but efforts to isolate this substance, either 
as the free acid or in the form of the copper salt, failed. 

The alcohol soluble substance of fraction II was united with that 
of fraction III. The solution was evaporated to dryness under 
strongly reduced pressure, and the dried residue extracted with boil- 
ing alcohol. On prolonged standing a considerable precipitate had 
separated, but its identity was not established. The filtrate was 
again evaporated to dryness, and the dried residue proved to be com- 
pletely soluble in absolute alcohol. 

For separating the racemic from the laevo proline the copper salt 
was employed. The part remaining undissolved in alcohol gave 7.31 
gm. of racemic proline copper salt, equivalent to 5.13 gm. of proline. 


Water, 0.2134 gm. air-dried subst., lost 0.0235 gm. at 110°. 
Calculated for C,,H,,O,N.Cu 2 H2O = H:2O 11.00 per cent. 
Copper, 0.1871 gm. subst., dried at 110°, gave 0.0505 gm. CuO. 
Calculated for C;>H;,0,N,Cu = Cu 21.79 per cent. 


The amorphous copper salt of l-proline, when dried at 110, 
weighed 28.02 gm., equivalent to 22.10 gm. of 1-proline. 

For identification a portion was converted into the pheny]l- 
hydantoine. The substance crystallized from water in the charac- 
teristic flat prisms, which melted at 143°. 


Hydrolysis of Phaseolin. 


Carbon and hydrogen, 0.2045 gm. subst., gave 
H.0. 
Calculated for Cy.H,,.O,N C 66.60; H 5.61 per cent. 


The fraction was treated with water, and the phenylalanine ester 
shaken out with ether, according to the procedure described by 
Fischer and Abderhalden.! The ester was saponified by evaporation 
with hydrochloric acid. The phenylalanine hydrochloride weighed 
23.53 gm., equivalent to 19.27 gm. of phenylalanine. 

For identification the substance was converted 


alanine, and to the difficultly soluble copper salt. 


Carbon and hydrogen, 0.1814 gm. subst., gave 
H.O. 
Nitrogen, 0.2012 gm. subst., required 1.68 c.c. 5 7 N—HC1 
Calculated for C,H,,O.N , 65.40; H 6.73; N 8. 
.. « 5-47; H 6.78; N 


Calculated for = ¢ 


The aqueous layer: was saponified by warming with excess of 


baryta. It separated on standing, 32.38 gm. of aspartic acid as the 


barium salt. 


Carbon and hydrogen, 0.3230 gm. subst., gave 0.4286 gm. and 0.1599 gm. 
H,O. 
Nitrogen, 0.3335 gm. subst., required 3.47 c.c. 
Calculated for C,H-O,N = C 36.06; H 


1 FISCHER and ABDERHALDEN 
XXXVi, p. 274. 
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Temp of bath ‘ 
} 
ip t 
A 1s 54 107.02 
IV ? 
IB 146 ‘97 44-37 
The copper salt gave the following analysis: 
Carbon and hydrogen, 0.2678 gm. subst., dried at 110°, gave 0.5421 1. CO 
and 0.1223 gm. H,O. 
po Zeitschrift fiir physiologische Chemie, 1902 
of! 
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The filtrate from barium aspartate, freed from barium, yielded 8.63 
gm. of hydrochloride of glutaminic acid, equivalent to 6.91 gm. of 
the free acid. 

The free acid decomposed at about 202°-203° with effervescence. 


Carbon and hydrogen, 0.3761 gm. subst., gave 0.5593 gm. CO, and 0.2063 gm. 
H.0. 
Nitrogen, 0.4622 gm. subst., required 4.34 c.c. 5 7 N—HCI. 
Calculated for C,HyO,N = C 40.82; H 6.12; N 9.52 per cent. 
Found... . qo56; H60c9;No.39 “ “ 

After freeing the remainder of the fraction from chlorine with 
silver sulphate, there was further obtained 35.95 gm. of copper aspar- 
tate, equivalent to 17.36 gm. of aspartic acid. The substance crys- 
tallized from water in the characteristic tyrosine-like bundles of 
needles. 


Copper, 0.1022 gm. air-dried subst., gave 0.0292 gm. CuO. 
Nitrogen, 0.1871 gm. air-dried subst. required 0.96 c.c. 5/7 N—HCI. 
Calculated for C,H;O,NCu - 44 H,O = Cu 23.06; N 5.09 per cent. 


From the filtrate from the copper aspartate no definite substance 
could be isolated. 


Temp. of bath 


Pressure. Weight. 
up to 


Fraction. 


Vv (A 200 0.85 mm. 37-34 gm. 
200° “ 44.25 


The phenylalanine was separated as in fraction IV, and isolated as 
the hydrochloride. There were obtained of the latter 15.42 gm., 
equivalent to 12.63 gm. of phenylalanine. 

The aqueous layer after saponification with baryta separated, on 
prolonged standing, large clusters of the barium salt of glutaminic 
acid. The substance was as good as free from barium aspartate; for 
on decomposition with sulphuric acid it yielded 14.20 gm. of glu- 
taminic acid, which, after once recrystallizing from water, was obtained 
in perfectly pure condition. It decomposed at about 202°-203° with 
effervescence. 


Carbon and hydrogen, 0.3888 gm. subst., gave 0.5818 gm. of CO, and 
0.2201 gm. H,O. 
Calculated for C;H,O,N = C 40.82; H 6.12 per cent 
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The filtrate from barium glutaminate was freed from barium with 
sulphuric acid, and, after concentrating to small volume under re- 
duced pressure, was saturated with gaseous hydrochloric acid. After 
long standing at 0’, 9.16 gm. of glutaminic acid hydrochloride had 
separated. Recrystallized from strong hydrochloric acid, it melted 
at 198°, while the free acid decomposed at about 202°-203° with 
effervescence. 

There was further isolated from fraction V, 1.66 gm. of aspartic 
acid as the copper salt. After removing the copper the remainder of 
the fraction was examined for serine, and of this substance 2.88 em 
obtained by fractional crystallization of the free amino-acids. 

The serine decomposed at about 243° to a brownish mass with 
effervescence. The aqueous solution tasted sweet. 


Carbon and hydrogen, 0.2624 gm. subst., gave o.: gm. CO, and 0.1591 gm. 
H,O. 
Calculated for C;H;O;N = C 34.29; H 6.67 per cent. 


DISTILLATION RESIDUE. 


From the undistilled residue of A and B there was further isolated, 
after saponification with excess of baryta, 87.92 gm. of the hydro- 
chloride of glutaminic acid, which makes the total weight of free 
glutaminic acid, isolated by the ester method, 98.91 gm., or 10.1 per 
cent of the protein, which is about 70 per cent of the yield obtained 
by the direct method. As glutaminic acid separates from the hy- 
drolysis solutions of phaseolin with difficulty, we made an examina- 
tion of the filtrate remaining from the former determination of 
Osborne and Gilbert ! and succeeded in obtaining 2.21 per cent more 
glutaminic acid, making the total 14.54 per cent. 


RESIDUE AFTER ESTERIFICATION. 


The residue which remained after removing the esters with ether 
from the original solution of the products of hydrolysis was exam- 
ined for oxy-proline,? with a negative result. In its place there was 
obtained, as in gliadin and glutenin,’ 0.87 gm. of pure serine, which 
decomposed at about 243°. 

1 OSBORNE and GILBERT: This journal, 1906, xv, p. 333. 

2 FiscHER, E.: Berichte der deutschen chemischen Gesellschaft, 1902, xxxv, 


Pp- 2660. 


8 OSBORNE and CLapp: This journal, 1906, xvii, pp. 242, 255. 
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Carbon and hydrogen, 0.2743 gm. subst., gave 0.3444 gm. CO, and 0.1717 gm. 
H,O. 
Calculated for C,H,O,;N = C 34.29; H 6.67 per cent. 


CYSTINE. 


No attempt was made to isolate cystine, as phaseolin contains less 
than 0.4 per cent of sulphur. 


TYROSINE. 


~ Forty grams of phaseolin, equal to 37.2 gm. dry and ash-free, when 
decomposed by boiling with three parts of sulphuric acid and six 
parts of water, yielded 0.8108 gm. of tyrosine, or 2.18 per cent. 


Nitrogen, 0.2533 gm. subst., required 2.02 c.c. § 7 N—HCI. 
Calculated for C,H,,;O,N = N 


75 per cent. 


7: 
7: 


5 
7 
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ARGININE. 


By the method of Kossel and Patten 44.76 gm. of dry and ash-free 
phaseolin gave a solution containing arginine, in which the nitrogen 
was equal to 2.187 gm. of arginine, or 4.89 per cent. 


Nitrogen, 50 c.c. solution required 6.82 c.c. § 7 N—HCl = 0.0682 gm. N 


0.682 gm. N in 500 c.c. = 2.115 gm. arginine, adding 0.072 gm. 
solubility of the silver arginine = 2.187 gm. = 4.89 per cent. 


The arginine was converted into the picrolonate in the usual way. 


Nitrogen, 0.1161 gm. subst., gave 26.8 c.c. moist Nz at 758 mm. and 25 
Calculated for CgH,,O.N, * CyoH,O;N, = N 25.62 per cent. 
The picrolonate decomposed at 226°—227°. 


HISTIDINE. 


The solution of the histidine from 44.76 gm. phaseolin was made 
up to 500 c.c., and found to contain nitrogen equal to 1.97 per cent 
of histidine. 


Nitrogen, 100 c.c. solution required 4.8 c.c. 5 7 N—HCl = 0.0480 gm. N = 
0.2400 gm. N in 500 c.c. = 0.8843 gm. histidine = 1.97 per cent. 


“4 


Hydrolysis of Phaseolin. 


A solution containing the histidine from 37.2 gm. of another 
preparation of phaseolin contained nitrogen equal to 1.74 per cent 
of histidine. 

Nitrogen, 50 c.c. required 1.79 5/7 N—HCl = 0.0179 gm. N 
500 c.c. = 0.66 gm. histidine = 1.74 per cent. 


The histidine contained in the phosphotungstic acid precipitate ob- 
tained from the residue of the esters was converted into the dichloride 
which crystallized in the characteristic rhombohedral crystals, and 
gave, on warming, the biuret reaction. It melted at about 230° with 
effervescence. 

Chlorine, 0.2115 gm. subst., dried at 120°, gave 0.2642 gm. AgCl. 
Calculated for C,;H,,O.N,Cl ‘| 31-08 per cent. 


LYSINE. 


The lysine picrate yielded by 44.76 gm. of phaseolin weighed 
4.11 gm. = 1.6000 gm. lysine, or 3.57 per cent. 

The lysine picrate yielded by 37.2 gm. phaseolin weighed 
ym. = 1.4593 gm. lysine, or 3.92 per cent. 


Nitrogen, 0.1626 gm. subst., gave 27 c.c. moist Ny at 758.3 mm. and 
Calculated for C,H,,0O.N, * C,H;,0;N, N 18.70 per cent. 

Found N 18.76 “ “ 


The following table gives the results of this hydrolysis of phaseolin 

calculated to a water and ash-free basis: 
Per cent. 

Gylcocoll . . . — Serine 
Histidine 
Phenylalanine. . . . . . 3-25 Lysine 
Ammonia 
Glutaminic acid . Typtophane 


Total 


After our analysis of phaseolin was nearly completed Abderhalden 
and Babkin ! published an analysis of the monoamino acids of legumin 

1 ABDERHALDEN and BABKIN: Zeitschrift fir physiologische Chemie, 1906, 
xl vii, p. 354. 
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prepared by Ritthausen’s method from the white bean. Although 
the statements of Abderhalden and Babkin leave us in some doubt 
as to the identity of the seed used by them with that used by us, 
and also as to which of the three methods employed by Ritthausen 
was used by them in making their legumin, it seems probable that 
the same protein substance served for their analysis as for ours. On 
this assumption a comparison of their results with ours shows that a 
satisfactory agreement can be obtained with Fischer’s method by 
different operators working wholly independently. 

The results obtained by Abderhalden and Babkin were: glycocoll, 
1.0; alanine, 2.8; valine, 1.0; leucine, 8.2; proline, 2.3; pheny!- 
~alanine, 2.0; aspartic acid, 4.0; glutaminic acid, 16.3; tyrosine, 2.8 ; 
total, 40.4 per cent. 

In conclusion we wish to acknowledge our indebtedness to Mr. I. F. 
Harris for the service which he rendered in the preparation of the 
large quantity of phaseolin used in this analysis. 

We also wish to express our thanks to Prof. W. P. Bradley, of 
Wesleyan University, for the abundant supply of liquid air which he 
has generously placed at our disposal for all the analyses of the pro- 
teins thus far hydrolyzed in this laboratory. 


EFFECT OF PARTIAL STARVATION FOLLOWED BY A 
RETURN TO NORMAL DIET, ON THE GROWTH OF 
THE BODY AND CENTRAL NERVOUS SYSTEM OF 
ALBINO RATS. 


By SHINKISHI HATAI 


[ From the Wistar /nstitute of Anatomy and Biology, Philadelph 


Sip my previous research (:04) on the effect of partial starvation 
on the brain of the albino rat, it was shown that in the experi- 
mented rats, fed with starch, beef fat, and water for twenty-one days 
(younger group, rats thirty to forty days old; older group, rats one 
hundred and fifty to two hundred days old), not only the growth of 
the brain was stopped, but brain substance was lost, the actual loss 


from the weight before starvation being, on the average, 4.67 per cent. 


In such experimented animals, also, the percentage of water in the 
brain was diminished (79.08 per cent control, and 78.84 per cent 
experimented) and of the ether-alcohol extracts increased (46.69 per 
cent control, and 47.61 per cent experimented Hatai, :04). 

As the absolute weight of the brain in the starved group was 
diminished, and as the relative amount of the extracts was increased, 
the writer inferred that the protein substances had been most af- 
fected. The total loss in the body weight in the experimented rats 
at the end of twenty-one days was 29.7 per cent. 

Having established the fact that the brain is definitely modified as 
the result of partial starvation for twenty-one days, the next ques 
tion was: 

Can the nervous system thus affected recover when the animal 
is returned to a normal diet? The present research was undertaken 
in order to answer this question. 

Altogether thirty-two rats, representing seven litters, were used. 
One half of each litter was subjected to partial starvation, and the 
other half used for control. The rats were so grouped that at the 
beginning of the observation the average body weight in the control 
group balanced that in the experimented. As soon as the young 
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albino rats reached thirty days of age, the experimented groups were 
fed with starch (Oswego cornstarch) and water alone,! while th. 
control groups were fed with the usual diet, — corn, cabbage, milk, 
bread, meat, etc. The supply of food for both groups was abundant 
After twenty-one days of starvation the experimented rats were at 
once put on the full normal diet, and then fed for the succeeding one 
hundred and forty-nine days with the same diet as was given to the 
control group. When the rats became two hundred * days old, they 
were killed, and the weight of the central nervous system, percentage 
of water, and percentage of the ether-alcohol extracts were deter- 
mined. The dissection of the rats, and the procedure for the de- 
“termination of weight, etc., were carried out with all the precautions 
used in the previous experiments. 

Body weight. — As is shown in Table I, the initial weight of the 
experimented male rats was slightly greater (6.5 per cent) than that 
of the male controls, while that of the experimented females was 
slightly less (5.5 per cent) than that of the female controls. As 
the result of the partial starvation, the loss in the body weight of the 
experimented group was 24 per cent in the male, and 21 per cent in 
the female, while the increase in the control group for the same 
period amounted to 44.2 per cent in the male, and 46.4 per cent in 
the female. Thus, after twenty-one days (e. g., at the age of 
30 + 21 = $1 days), the difference in the weight between the control 
and experimented groups became very large, amounting to 55 per 
cent in the male, and 60 per cent in the female, the weight of the 
control group being taken as the standard. 

In my previous research the loss in the weight (younger series, 
thirty to forty days old) after twenty-one days of starvation was 
even greater; the average for both sexes being 32 per cent, as con- 
trasted with 23 per cent in the present research. It must be remem- 
bered, however, that in the earlier experiments the rats were slightly 
older. Thus the greater loss in weight in the previous case was, 


perhaps, in some measure due to the reduction of fat. 

After twenty-one days of starvation the experimented rats showed 
marked changes, the vertebral spines were evident, the trunk slightly 
curved, the pink color had entirely disappeared from the soles of the 


feet as well as from the external ear, the eyelids were partly closed 


1 The beef fat was omitted in the present experiment. 
2 It was found in our laboratory that the albino rats of two hundred days old 


are fully matured. The sexual maturity takes place at about seventy days of age. 
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and movements were rather unsteady. 

removed to the other cages and at once 

rapidity of recuperation was surprising, as it 


days for them to return to their initial weight 


FIGURE 
ception, at 


Starved 


It was naturally asked whether or not the 
stomach was responsible for the rapid recovery 
A careful examination, however, showed that this 
Within three to four days almost all the evidences of di 
tion, enumerated above, entirely disappeared. The pink 
peared in the soles of the feet and the external ear; the eyes were 
held widely opened, the trunk became straight. The moven 
however, were not so steady or so active as in the normal rat 


comy] 


interpretation of this rapid recovery is postponed until the 


tion of the urine during such a period, as well as some other px 


have been determined. 
The daily increase or decrease in weight is shown in Fig 
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TABLE I. 
CONTROL Rats (MALES). 
Body weight. Weight of 


Percentage, water 


After 


Initial Brain. 
21 days 


Brain. 


per cent. 
60.3 2 7810 55 77.36 


48.6 S030 
560 


54.0 


ONTRO!I 


1.6644 
] 6864 


7018 
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per cent 

36 | | 

25.6 0.5348 77.79 7026 

27.2 0.5614 77.79 69.50 

28.2 7 158.4 1.7214 0.5330 77.13 69.60 

31.4 55.6 225.8 1.9264 0.5894 77.28 69.90 

36.2 598 199.2 1.764] 0.5168 77.60 70.54 

$2.7 76.4 223.4 1.8547 0.5814 77.27 69.35 

43.2 74.2 211.2 1.8634 0.5415 77.50 69.56 

58.6 83.0 318.4 2.1862 0.6548 77.51 69.06 

AVERAGES. 
35.2 63.1 224.4 1.8587 0.5628 77.50 69.7) 
Gu. (FEMALES). 
24.2 72.4 16] 2 0.4770 77.0 70.10 ; 
26.5 $9.0 141.3 0.4866 77.44 69.2] 

26.8 54.8 154.2 | =z 0.4564 77.65 69.10 

$2.5 758 155.8 1.8664 0.5582 77.34 69.13 

46.2 746 201.6 1.9063 0 5534 77.39 69.22 

51.6 70.2 188.2 1.9272 0.5587 77.58 69.62 

AVERAGES. 
36.3 67.8 172.6 1.7905 0.5250 77.50 69.40 
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TABLI 


Percentage, water 


Sp. cord Brain 


per cent. per cent 
71.06 78.05 


69.97 

70.95 

69.79 
70.20 
70.47 
69.97 
69.66 
69.05 


69.46 


( Continued 
EXPERIMENTED Rats (MALI 
Pe Weight of ] ve t 
After 
17930, | 27.2 
77.54 0.5482 1.7507 196.3 22 27 
77.90 0.4978 1.6138 194.0 22.9 2 
77.74 0.5714 1.9514 228.7 23 LJ] 
77.52 0.5940 2.065] 262.0 25.0 | 
77.68 0.5460 1.7696 215.8 26.4 24 
77.9) 0.5902 1.8779 256.0 5.4 10 
77.39 0.5988 1.9493 281.0 322 124 
77.52 0.5926 1.9774 259.0 38.2 §2.2 
77.61 0.7162 2.1154 327 $2.4 
70.05 77.75 0.5766 1.5566 242.0 28.4 76 
ERIMENTED RATS (FEMALES) 
; 71.11 77.90 0.4120 1.5614 130.0 20.2 24.0 
70.81 75.0] 0.4524 1.5696 138.2 21.4 244 
3 69.56 77.64 0.5152 1.6800 176.0 28.9 6] 
69.46 77.9) 0.5504 1.8472 198.8 29.7 6.9 
70.85 77.82 0 4858 1.6372 152.0 26.3 37 .¢ 
69.92 77.00 0.5593 1.581] 151.0 32.4 10.0 
69.21 7741 0.5574 1.8608 199.0 10.9 
A VERAGI 
70.10 77.75 0.5089 1.7196 167.5 27.0 4.3 
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the end of two hundred days the final weight in the experimented 
and in the control was 242 and 224 gm. respectively, in the case of 
the males, and 173 gm. and 168 gm. in the case of the females; 
that is, the experimented male rats were slightly heavier (7.4 per 
cent) than in the controls, while in the case of the females the con 
trol rats were the heavier (2.5 per cent). 
The comparison between the initial and final weight is shown 
in Table II. 
TABLE ILI. 
Body weight. Ratio between 


After Total initial and 
a 21 days. Final. gain. final. 
Male, controls . . . 35. 63.1 224.4 189.2 : 6.37 
Male, experimented . . 37. 28.4 242.0 204.4 : 6.43 
Female, controls . . . ‘ 67.8 172.6' 136.3 > 475 
Female, experimented . 34. 27.0 167.8' 133-5 : 4.89 


From the above it is seen that the absolute gain in weight is 
slightly greater in the experimented males, and slightly smaller in 
the experimented females, as compared with their controls. The 
ratios, however, show that the relative gain is approximately the 
same in both experimented and control groups, although slightly 
greater in the case of the experimented rats in both sexes. 

I therefore conclude that so far as the body weight is concerned, 
the experimented rats have completely recovered from the effect of 
the twenty-one days of partial starvation. 

It has been frequently observed by different investigators — Coude- 
reau ('69), Pagliani (’79), and others —that the growth of the body 
in recuperation is very rapid in the children whose growth has been 
temporarily disturbed by illness or other unfavorable conditions. 
This observation is well supported by the present experiments. As 
is shown in Table I, as well as in Fig. I, the recovery in the weight 
is most astonishing, especially during the first three or four days, 
within which time the starved rats regain the weight lost during 
the twenty-one days of starvation. Later the increase in weight 
is very steady, though not as rapid as during the first few days, 
until the rat has reached the age of one hundred and fifty days, 
and after this age increase in weight is relatively slow. 

What will happen to such rats during the later portions of the 


1 The body weight in both control and experimented is small for the age. 
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span of life has yet to be determined in order to answer the ques- 
tion whether this partial starvation in early life has any influence 
either on longevity or the onset of old age. 

Weight of brain and spinal cord. After the body weight had 
been taken, the brain and spinal cord were removed separately, 
and their weights were carefully determined. The spinal cord was 


TABLE III. 
Body weight. Encephalon 
Male, controls . . . . 22 1.8587 
Male, experimented . . 2. 1.8866 
Female, controls . . . 1.7905 
Female, experimented . 16 1.7196 


severed from the encephalon at the tip of the calamus scriptorius. 
The spinal roots were cut off as close to the cord as possible. The 
results obtained are seen in Table III. 

As it stands, the weight of the central nervous system in the 
experimented male is heavier, and in the experimented female 
lighter, when compared with the corresponding controls. Since 
the brain weight is closely correlated with the body weight, we 
should expect a heavier brain weight in the heavier individuals, 
and therefore it is desirable to determine whether or not the brain 
weights found in the experimented rats correspond with the given 
body weights. Dubois (’98) found that in man, at maturity, the brain 
weights were related as the fourth roots of the body weights. 

Dhéré and Lapique ('98) have determined a like relation for dogs 
of different sizes where they found a good accordance between the 
observed and calculated results. An application to the present data 
of this law given by Dubois for the human brain weights, shows that 
in the case of the males 1.8866 gm. of brain in the experimented 
males should correspond to the body weight of 238.3 gm., instead of 
242 gm.,.when the relations in the control group are used as a standard. 
The difference (3.7 gm.) is too small to be considered significant. It 
is therefore quite safe to conclude that so far as the relation between 
brain weight and body weight in the male is concerned, the starvation 
effect has been completely removed. In the case of the female we 
have some difficulty in applying Dubois’ law, since the brain weight 
in the control group is too high! for the given body weight. Accord- 

1 This fact was determined by examining some ten records preserved in our 


archives, for female rats having a body weight of about 173 gm. 
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ing to Dubois’ law, the figures for the control group being taken as 
the standard, a brain of 1.7196 gm. found in the experimented group 
should correspond to body weight of 147.3 gm., instead of 168 gm., 
as observed. It was found that according to our standard curve 
1.7196 gm. of brain weight there corresponds to the body weight of 
162 gm., or 6 gm., less than that observed. This difference is negli- 
gible in view of the variability in this relation, and therefore it seems 


TABLE IV. 
Percentage of water 
Encephalon Sp. cord. 
per cent. per cent 


Male, controls 69.71 


oO 


70-05 
69.40 


70.1C 
79-10 


Male, experimented 


Female, controls 


“sn 
“saw “ 


Wn 


Female, experimented . 


safe to conclude that in the experimented female group partial star- 
vation has not permanently modified the relation of brain weight to 
body weight. 

In regard to the weight of the spinal cord, it is clearly shown that 
the cord also follows body weight in the same manner as does the 
brain, but the details have not been worked out.! 

Percentage of water in the central nervous system. — From Table IV 
it is clearly seen that percentage of water in both encephalon and 
spinal cord is higher in the experimented rats than in the control 
rats. 

On the average, the difference between the experimented and con- 
trol is 0.25 per cent in the encephalon of both sexes, and 0.34 per cent 
in the male spinal cord, and 0.70 per cent in the female, always in 
favor of the experimented groups. Although the difference shown 
is small, nevertheless it is significant, since the difference appears in 
all but one instance when the representatives of the same litter are 
compared. 

From unpublished observations in this laboratory, it has been 
concluded that during normal growth the percentage of water in the 

' An application of Dubois’ law to the weight of the spinal cord shows that, 
when the relations in the control group are used as a standard, 0.5766 gm. of 
spinal cord in the experimented males correspond to the body weight of 247.4 gm 
(difference 5.4 gm.), and 0.5089 gm. of the experimented female spinal cord to 
152.8 gm. of the body weight (difference, 15.2 gm.). These calculated values of 
the body weight agree with those calculated from the brain weight, indicating that 
the relation of the spinal cord to the body is similar to that of the brain. 
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Percentage, 


Body weight 


Brain 


per cent per cent 


44.24 69.35 


34 69.13 


199.2 M 


1 Litter 3 aloneis ar 


is h gher than in tl 


per cent 
69.66 


per cent 


44-39 


77.41 
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TABLE V 
LITTER |] 
EXPERIMENTED | 
ater Percentage, water 
| 
— Sp. cord Sp. cor Bra 
223.4 M | M. 281.0 
188.5 F 77 69.35 F. 199.0 
LIVTER 2 
318.4 M 77.51 69.06 69A6 77.6) M. 327.2 
201.6 F. 77.39 69.22 69.46 77.9) F. 198.8 
q 188.2 F. 77.58 69.22 69.90 77.60 F. 181.0 
69.56 77.64 } 176.0 
LITTER 3 
211.2 M.! 77.80 69.56 69.05 77.52 M. 259.0 
} 
; 77.60 70.54 69.97 77-9) M. 256.2 
70.47 M. 2 
70.55 77.82 I 
Lirrer § 
233.8 M 77.79 70.26 70.20 77.52 M. 262.0 
228.8 M 77.25 69.90 71.06 78.0 M. 199.7 
205.0 M. 77.79 69.50 70.95 17. M. 194 
188.4 M 77.13 69.60 71.1) ve, F. 130.0 
154.2 F 77.65 70.10 
exceptional case where the percentage of wat h 
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TABLE 


Percentage, water 


Brain 


per cent 


77.36 696) 


77.44 69.21 


Sp. cord 


per cent. 


(continued) 


EXPERIMENTED 


Percentage, 


op cord 


per cent. 
69.79 


69.97 


LITTER 7 


69.10 


708) 


water. 


Brain 


per cent. 


1754 


RATS 


nervous system of the rat is mainly a function of its age, and is but 
slightly modified by the weight of the central nervous system or of 
the size of the body (Donaldson). In these experiments, however, 
the relation of age to the nervous system is considerably modified 
in the experimented rats, since not only the growth of the nervous 
system has been completely stopped for twenty-one days, but the 
percentage of water was diminished (79.08 per cent control, and 
78.84 per cent experimented — Hatai,:04) by this treatment. 
fore the higher percentage of water found in the central nervous 
system of the experimented rats after recovery may mean one of 
two things: (1) As the result of partial starvation, the destructive 
process which has been traced (see previous paper, Hatai,:04,) 
might produce a diminution of nerve tissue, and the relatively higher 
content of water might be due merely to an accumulation of fluid 


There- 


occupying the spaces which had been so developed ; (2) It may in- 
dicate a much more active metabolic process, and be an indication of 
recuperative activity. 

The second assumption seems the more probable, since the weight 


of the central nervous system was normal in relation to the body 


weight, indicating that there was not a mere accumulation of the 
fluid occupying newly formed spaces, for this would have tended to 
reduce the brain weight. 
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LitreER 6 
CoNnTROL Rats. 
Lody weight Body weight 
d 
211.5 M. || M. 2287 
141.3 F M. 196.3 
161.2 F. 77. 78.01 F. 138.2 
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Recently Watson (:05) made observations on the effect of the 
bearing of young upon the body weight and the weight of the central 
nervous system of female albino rats, where he has shown that the 
brain and spinal cord of the mated individuals contained a slightly 
higher percentage of water. 

He gives the following percentage values: 

Per 


Brair 


pe: cent 
Mated (average — 8 rats 


Unmated (average 10 rats) 


Watson's experiments may be considered analogous to mine, as he 
is also dealing with animals that have passed through a period of 
partial starvation, since during lactation the mother loses body weight 
to quite an extent (Minot, ’91; Watson,:05). Although it is impos- 
sible at the present moment to make any definite statement, our 
observations on partial starvation suggest that the higher percentage 
of water found in the rats bearing young might have been produced 
as the effect of temporary retardation of the growth of the nervous 


TABLE VI 


Male, experimented . . . . 50.36 
Female, controls . . . . . 49-56 


Female, experimented. . . . 49.16 


system followed by recovery. This can be determined only by a 


study of the nervous system during the period of greatest retardation 


in rats bearing young. 

It remains, moreover, to be determined whether or not our experi- 
mented rats will in this respect recover entirely from this condition 
which is produced by the twenty-one days of partial starvation. 

In the normally grown rats the percentage of extracts in the 
nervous system is also a function of age, and is inversely related to 
the percentage of water ( Donaldson). Thus the determination of the 
percentage of extracts would furnish us further evidence as to the 
normal condition of the growth of the nervous system with respect 
to age and to the percentage of water. 

It is clear from the preceding Table VI that the percentage of ex- 


65.51 
oF 

Percentage of extra 
} ) r 
68.82 
65.54 
68.87 
/ 
+ 
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tracts is less in the experimented group in both encephalon and spinal 
cord than in the control. In the case of the encephalon 0.25 per cent 
in the male and 0.40 per cent in the female, and in the case of the 
spinal cord, 0.29 per cent in the male and 0.47 per cent in the female 
are in favor of the control rats. These are the results that one would 
expect. It is therefore concluded that the amount of extract, as 
compared with the residue, found in the nervous system of the ex- 
perimented rats is normal with respect to the age and percentage of 
water in that organ. 


CONCLUSIONS. 


From what has been presented, the following conclusions are 
drawn: 

(1) So far as the weight of the body and central nervous system 
are concerned, the effect of a twenty-one day period of partial 
starvation on albino rats thirty days old is eventually completely 
compensated, 

(2) The chemical composition of the brain and spinal cord is, 
however, not entirely free from the effect, as is indicated by the 
higher percentage of water, and lower percentage of ether-alcohol 
extracts, in the experimented rats, as compared with the controls. 
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I. CHEMICAL DaTa. 


STUDY of the conditions under which organisms live must 

concern itself largely with the analysis of a given complex 
set of conditions into its component factors. The attempt to study 
the factors singly is an afterthought resulting from some degree of 
previous analysis sufficient to show the relevancy of the supposedly 
simpler study. Our ability to analyze the media in which nearly all 
cells live — ¢. g., sea water, fresh water, pond water, blood, lymph, fer- 
menting solutions, etc. —into factors of determined biological value is 
a measure, not only of progress in this field, but also of the fruitfulness 
of all the studies made upon the separate conditions involved. [:x- 
perience shows that progress as measured by this standard, which is 
based upon ability to interpret, is not very rapid. In view of the 
above considerations the present study, which was made upon a hay 
infusion regarded as a fair type of liquid medium, requires no apology, 
even though the results presented come far short of making an ade 
quate picture of what occurs. The methods (except biological) by 
which the following data were obtained have been described, in the 
main, in Part I of this paper. During the past three years numerous 
cultures of the kind here described have been studied in this labora- 
tory both by myself and by students. The matter was found to be 
well adapted to serve as an introduction to the general principles of 
physiological zodlogy, or better to the important subject of chemical 
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biology, which is neither pure chemistry nor simply descriptive biology. 


I shall first present, in tabular form, the chemical and physical data 
in regard to a number of cultures, and subsequently the biological 
data which ran parallel with the preceding and which were definitely 
determined for certain of these cultures. The significance of the 
numerical values is the same as in Part I. They express millionths 
of a gram molecule, or of a gram, of either the reagent used or of the 
substance measured as described in Part I. 

The data for Table I were taken from cultures promiscuously 
selected, and they have no known relation to each other except 
that all were old when the data were obtained. This table serves 
merely to give an indication of the general pitch of the values which 
may prevail in cultures of this nature. 


TABLE I. 


Culture No. . 
Age, days 


Phth. Ac. . 

Mthor. Alk.. . 8.6 
Elect. Cond.. . 793.0 é 793.0 
O consumed. . 44.0 68.0 
Total Org. N. . 18.0 12.0 


AmmonN. . . , 1.8 


The remaining tables of cultures give the continuous history of 
each but they differ in the variety of data. 


TABLE II. 
CuLtTuRE No. 5-3-27. 


Age, days . 


Phth. Ac. 
Mthor. Alk. 
Total Org. N . 10.0 18.0 


Ammon. N. 44 5.0 


5-2-21 5-2-27/1 §-2-27/2 5-2-28 1 5-2-28 2 5-3-2 
; 3i 25 24 23 22 19 
l 1.0 1.1 2.0 
8.4 9.0 96 
747.0 828.0 793.0 
32.0 52.0 52.0 
14.0 160 8.0 
ee 1.8 2.4 2.0 
0 4 5 6 7 
4 1.84 20 1.4 1.0 09 09 
7.0 7.0 7.4 8.2 8.0 $.0 
16.0 14.0 8.0 oa 25.0 10.0 
1.2 1.4 1.4 1.4 2.2 
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Age, days 


Phth. A¢ 
Lacmoid Alk 

Elect. Cond 
O consumed 
Total Org. N. 
Ammon. N 


TABLE IV 


CULTURE No. 5-4-19/1. 


Phth. Ac. . 0.5 

Lacmoid Alk 7.0 

Ca ... 3.8 

Elect. Cond. 637.0 660.0 597.0 .. | 628.0 | 628.0 7c "31.0 7160 
O consumed 420 36.0 420 .. 27.0 24.0 27 24.0 

Total Org. 4.0 18.0 80 20.0 


2 


Ammon N.. OS 1.0 3.2 


TABLE 


CULTURE No 


Mthor 
Phth. Ac. | Mthor. 


rABLE 
CuLTURE No 5-4-10 
0 ? 
0 .26 0.58 194 ] .2¢ if 
65 7.4 5.5 7.5 7.4 if 
660.0 675.0 761.0 761.0 761.0 701.0 
63.0 60.0 66.0 51.0 42.0 48.0 
22.0 22.0 25.0 24.0 ee ee 
5.2 1.8 1.6 5.2 
Age, days 0 ] 2 3 4 5 6 7 . } 
O9 
6.5 
3.5 
1. 
| | Age, | phth. Mthor. Elect 
days Cond days All ( 
0 0.38 RO 637 1.5 44 703 
l 2.5 7. 647 10 4 703 
2 2.0 8.0 $52 12 0.75 9 
4 25 90 688 13 063 (4) 
5 25 5.4 731 14 0.63 ( 647 
6 2.0 8.6 702 15 0.5 Ko (h) 
7 1.75 8.4 703 18 0.5 ol 
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TABLE VI. 


CULTURE No. 5-6-0 2. 


Age Mthor. 


Phth. Ac. 


day Alk. 


8.0 


Phth. Ac. 


Mthor 
Alk. 


Elect 


Cond 
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Elect Age, | 
0 0.25 = 541 8 0.25 6.4 563 
0.25 7.6 563 1] 6.0 46) 
2 1.25 563 12 5.8 397 
4 2.0 12 574 13 ee 6.2 442 
5 0.25 7.0 563 14 Wares 6.2 $25 
6 0.25 6.5 530 15 ine 6.0 442 
7 0 25 66 563 18 5.8 442 
TABLE VII. 
CULTURE No. 5-6-03 
Age, Mthor. lect A ge ho clect 
Ag Phth. Ac. hor. | Elect. Age, = phth. Ac.| Mthor. | E 
days. Alk Cond days Alk. ( 
0 0.38 7.8 610 0.25 8.6 74 
] 1.5 7.2 647 1] 0.25 5.6 675 
2 1.0 7.8 661 12 0.13 5.6 635 
1.0 8.2 702 13 5.7 622 
5 0.75 5.2 655 14 ves 5.7 622 
0.5 8.4 689 15 8.7 622 
7 0.5 5.4 765 18 one 5.6 66) 


Chemical Studtes on the Cell and its Medium. 


TABLE VIII. 


325 
CULTURE No. 5-10-31 1 
Age, Phth. Ac Mthor. Elect Age, Phth. A Mt Elect 
Days Alk. Cond da All ( 
sone 0.4 7.0 582 7.6 733 
] 1.4 7.2 676 1} 0.74 
2 2.2 6.5 653 13 0.74 7A 733 
3 18 7.4 652 14 0.76 7.7 652 
6 0.7 7.0 682 17 OR 80 704 
7 OS 682 20 0.76 
8 0.9 73 649 23 0.8 704 
9 0.9 7.4 662 29 0.76 5.5 718 
TABLE IX 
No. 5-10-31/2 
Age Mthor Elect Age Mthor } t 
Age, Phth. Ac M hg Phth. A 
days Alk Cond days Alk ( 
0 0.35 7.3 636 10 0.6 7.5 733 
] 1.44 65 582 13 0.64 7 704 
2 2.0 70 718 14 0.65 7 77 
3 16 7.2 682 | 17 0.76 30 682 
6 1.0 7.3 704 20 0 6A9 
7 09 7.4 748 23 U.56 5.4 3 
§ 0.7 7.3 662 29 0.8 f 7) 
9 0.68 7.5 718 
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rABLE X 


Simultaneous data for tures which were set differently 


Sulture 
6-10-3 
6-10-3 
6~-10- 


hay infusion 
Solid hay + hay infusion 
0 + hay infusion + tap water seed. 


6-10-3 Q + 0 + tap water + seed 


> 


6-10- Solid hay + hay infusion + tap water 
6-10-31 6. Old No. 6-7-24 + refeeding + reseeding. 


phenolphthalein acidity; M = methyl-orange alkalinity; O = oxyge 


6-10-31 4 6-10-31 5 


2s follows 
( Ho 
L seed 
] 
U. 
6-10-3111 6-10-312 610-313 6-)(-31 
Age 
PI M. O. Ph. M. O. Ph. M. O. Ph. M. ©. PI M 
0 O08 83 28 12 80 33.08 76 16 08 82 109 $4 16 0749.1 3 
] 14 78 2'124 70 22:12 7.5 410 82 410 73 2012 90 24 
2 14 70 24°25 67 3012 78 12:10 80 310 76 16 12 90 27 
3 12 83 18 24 65 26 06 820 9 04 90 5 10 758 10 12 92 24 
5 14 82 24 36 68 28 04 82 8\Tr. 82 3 07281 20,14 94 25 
6 10 86 20 26 66 18 O04 8.2 2 Tr. $0 2 0.32 80 91/12 93 2 
7 06 84 23:28 66 26 02 8.1 5 04 89 2 03288 16 OS 94 20 
7 O8 8.7 24 24 66 36 02 83 9 05 8.1 00S 86 17 06 96 16 
9 0.8 82 11°29 64 33 0.12 83 406 §0 3 06 82 16 04 95 2] 
10 (07684 ..j|13 64 78 ..|06 96. . 
12 O8 80 410 64 35 Tr. 80 3 06 83 504 86 20 03696 24 
13 06 84 23:08 7.2 33 Tr. 84 +08 74 2:06 84 16'02 :96 22 
14 04 86 22 10 76 32 U2 54 5 OS 74 2 06 86 18 O02 QE ? 
15 0.4 84 23 12 82 31 02 84 709 74 102 86 20 04 95 22 
16 04 82 24 16 92 24:02 84 709 69 3 03286 19 04 96 If 
19 (04 86 ..|06 88 ..|05 82 ..|06 66 86 0.2 96 . 
23 02 88 2:06 94 35:93 23? 7:02 62 602 86 18 02 96 22 
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II. BiotocicaL MEtTuops. 


All the cultures of which chemical data have been give 
preceding tables, and many others, were kept under observation for 
their biological phenomena also. It is not the intention of the writer 
to make a catalogue of all the numerous organisms, plant and animal, 
which flourish in these cultures. My attention was directed to a 
certain selection from this number, which seemed favorable to my 
purpose of correlating their presence, number, and order of succes- 
sion, with the changing conditions of their environment. The ordi 
nary methods of microscopical examination were used. The material 
was in all cases examined in its living condition and in many cases 
also after killing and fixing. Qualitative examinations by various 
simple methods were frequently made, and even these were sufficient, 
when made regularly, to convince the observer that the different kinds 
of organisms showed their maximal numbers at different periods in 
the history of the same culture. It was desirable to express this fact 
in a quantitative way, and the following method was developed. For 
my purpose, as above stated, it was necessary to express only the re] 
ative frequency of the organisms, not their absolute numbers. The 
sample of culture liquid to be examined was placed in a shallow flat- 
bottomed watch-glass in a layer of such small depth (about a milli 
metre) as to suit the optical apparatus to be used for direct observation. 
The observer, having first identified the forms present, at least those 
which are most numerous, then fixes his attention upon their re/atz7 
numbers, selecting first that form which is most numerous, and he 
places this at the head of his recorded list for that day as No. 1. By 
comparison with No. 1 the organism showing the next lower frequency 
is determined and given its serial position in the day’s list as No. 2, 
and soon. At different times in the history of the same culture, or 
in cultures of different nature, a given organism may of course occupy 
a different seria] position. These serial lists, when taken on the same 
culture from its beginning and at intervals of a day, will soon show 
that a given organism passes through certain serial positions, which 
may then be plotted as ordinates, the days being laid off on the ab- 
scissa. There is thus obtained a curve representing the relative 


frequency of this organism. A little practice is necessary to gain 


accuracy in the discrimination of the relative numbers of objects, 
whose size may range all the way from a bacterium to a Stentor 
easily visible with the naked eye. 
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Some matters subsidiary to this method call for remark. It was 
usually applied to living organisms. By forcing them into and out of 
a medicine dropper they may be kept uniformly distributed in the 
watch-glass. But if it be desirable to examine them in stationary 
condition, they should first be evenly distributed as just described, 
and then there may be added a few drops of Worcester’s formol- 
sublimate. After thus killing the organisms they may be redis- 
tributed, if necessary or desirable, so that the observations for their 
serial positions, 7. ¢., for their relative numbers, may be made more 
accurately. The observation of these watch-glass preparations and 
the estimation of relative numbers in them were much facilitated by 
~the use of a Zeiss binocular microscope in which a field of large area 
and great depth was easily examined at one observation. The results 
obtainable with this instrument for all forms except the bacteria enable 
the observer to feel certain regarding their accuracy. 

Some observations which I have made upon the use of killing and 
fixing agents for the examination of the micro-organisms of these cul- 
tures, particularly the protozoa, may be permissible here. It seems to 
me that Paramecium, owing to its sufficient size, extensive differenti- 
ation, and its delicate protoplasm, serves as an excellent test of the 


efficiency of killing and fixing agents for all micro-organisms of its 
class. The experimenter who does not content himself with the mere 


use of formulz according to authority, but who is interested in the 
rationale of their action, can find in Paramzcium a good object to 
illustrate some principles which have been found applicable. Dis- 
cussions and investigations of this nature can be found in Mann’s 
Physiological Histology. Tests which I made upon Paramecium with 
nearly all of the killing and fixing agents in common use showed that 
very few of them preserved the natural form of the animals. In some 
cases it was evident that the agent used failed to accord with the 
osmotic conditions which were necessary for a good preservation of 
form. Evidence for this view was the fact that modification of the 
osmotic concentration from that recommended by the author of the 
formula gave preserved forms more nearly resembling those of living 
animals. The practical application and the selection and composition 
of these agents should be guided, far more than has been customary, 
by an intelligent view of the principles of osmosis and dissociation. 
For Paramecium, and in general for protozoa that have a distinct 
cell wall I have found Worcester’s formol-sublimate to give a most 
excellent preservation. This agent consists of a ten per cent solution 
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of formaldehyde in water, which solution is then saturated with cor- 
rosive sublimate. The proportions may be varied, thus altering the 
osmotic conditions. However, for the objects tested, Paramacia, and 
under the special conditions of adjustment to their various media in 
which I found them, the strong concentrations above given seemed 


to be well adapted. In the composition of this liquid, as in most good 


killing and fixing mixtures, the swelling action of one constituent, 
formaldehyde, is balanced by the shrinking action of another, in this 
case corrosive sublimate. It should further be noted that both these 
constituents are non-electrolytes. To use this agent, the organisms 
should be brought into a pipette in as small a volume of their culture 
liquid as possible, and they should then be ejected suddenly into a 
watch-glass containing the formol-sublimate. Of other fixing mix- 
tures I obtained good results also with strong solution of Flemming 
and with acetic alcohol. The latter is especially advantageous when 
it is desirable to avoid water entirely in subsequent processes. Under 
some conditions osmic acid and also iodine gave good results. For- 
mol-sublimatt, and for special purposes acetic alcohol, were found 
sufficient. 

Bacteria in living condition were examined by means of a well 
known arrangement consisting of a hanging drop on the under side 
of a cover-glass which formed the top of a ring cell, the bottom of 
this cell consisting of the glass slide. The rings may be made of 
glass, one-half to one centimetre in height, their end surfaces should 
be parallel, and they may be fastened water-tight to the slide by 
means of a thin coating of vaseline. In the bottom of the cell is 
placed at least enough water to cover the surface. The rings may be 
made of cardboard, and in that case they should be impregnated with 
melted vaseline. Whether they are made of glass or of paper, their 
end surfaces must be of sufficient extent to make good contact with 
slide and cover-glass. If the latter with its hanging drop be sealed to 
the ring with vaseline, the whole preparation may be kept for days. 
It is a convenient and ihstructive form of moist chamber, and serves 
well for the study of both the bacteria and the protozoa in the living 
condition. For the estimation of relative numbers of bacteria and of 
protozoa very low rings cut out of paper were used, and the drop was 
made to occupy the central area of the cell and to make contact with 
both cover-glass and slide. For making fixed and permanent prepa- 
rations of the bacteria the usual bacteriological technique for that 
purpose was pursued, using Ziehl’s carbol-fuchsin as a stain. An 
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instructive series to show the progressive numerical development 
and decline of bacteria in these cultures can be obtained by making 
a permanent preparation daily. 

The selection of a fair sample of the micro-organisms of the cul- 
ture requires considerable care. They seem to be located in selected 
places, and it is not desirable to mix uniformly the contents of the 
culture, because that would interfere with its normal progress and 
with the proper taking of some of the chemical data, ¢.g., the acidity. 
The plan I have used in order to avoid the disturbance of the whole 
culture was to take numerous samples from various places in the jar 
by means of a medicine dropper, to mix these samples in a watch- 

~glass by forcing them into and out of the pipette. If for any reason 

it became necessary to concentrate the micro-organisms (except bac- 
teria) I have made use of a centrifuge. This method is especially 
useful if one desires to make permanent preparations, The or 
dinary processes necessary for this purpose can be _ performed 
in glass tubes about 5 mm. in diameter and about 60 mm. in 
length, which have been sealed at one end in the form of a cone. 
This tube can be made easily from the glass part of an ordinary 
medicine dropper. By means of the centrifuge and of sufficiently 
long capillary pipettes, all changes of liquids can be made at will. 
The above-described tube may be fastened on any centrifuge by 
means of a perforated cork of the proper size. 


III. THe BrotoGicaL CORRELATIONS OF CHEMICAL DATA. 


An examination of the numerical values for the phenolphthalein 
acidity of the fourteen cultures of Tables II to X shows that these data 
have such uniformities as to produce a characteristic curve. Addi- 
tional observations upon other cultures have shown that this curve is 
one of general validity for all the cultures I have raised under the 
conditions described. In cach case the values rise suddenly and fall 
more slowly. Each curve has its maximum during the first few days 
of the culture history. In other words, the day of maximum acidity 
divides the curve into two arms, the first of which is short and steep, 
the second long and gradual. The following table shows the time 
and the value of the maximum acidities of the cultures reported in 
Tables II to X. 


4 


The sum of the days, = 39, divided by the number of cultures tabu 
lated, = 14, gives an average age of 2.8 days as the time at which the 
maximum acidity occurs. Under some conditions, as shown in Table 
X under cultures 6-10-31 3 and 6-10-31 4, a culture may become 
alkaline. In Curves 1 and 2 are plotted the acidities for cultures 
5-10-31/1 and 5-10-31! 2 according to the data given in Tables VIII 
and IX. Not all the curves obtained have such sharply defined maxi- 
mal points as those here shown, but they all conform to the general 


type above described, of which these two are fair representatives. 


What organisms stand in relation to this acidity? Primarily the 
ali 


bacteria, and secondarily the protozoa. Chemical examination has 
shown that the acid is volatile and consists very largely of carbonic 
acid. Biological examination shows the presence of relatively few 
bacteria when the culture is started, of enormous numbers during 
the next few days, and of greatly diminished numbers subsequently, 
The bacteria of the early period are of the rod form; later occur 
the filamentous forms. Several layers of zoogloea may succeed each 
other and fall in turn to the bottom of the jar. The cultivation on the 
standard media and the determination of the kinds of bacteria were 
not attempted. There probably was much variety here, because the 
gross characters exhibited by cultures from seed materials of different 
origin varied noticeably. In all cases gas formation was prominent 
during the early period, z. ¢., when the rod bacteria were abundant 
It is evident that we are here dealing with bacterial fermentations, 
mostly of carbohydrates and more particularly with such fermenta 
tions as occur in an acid medium. | | have not dealt thoroughly with 
the bacterial aspect of the cultures, but the data obtained show that 
these organisms are the first cause of decomposition and the founda 
tion of the food supply for all other organisms that at the same time 
or subsequently inhabit the medium. Owing to the small size of the 
bacteria, the methods I have described for determining the relative 
numbers of organisms of various kinds must give much less reliable 
results from the quantitative point of view when applied to bacteria 
than when protozoa only are compared numerically. However, 
the examinations made left no doubt that, qualitatively, the curve 
for bacteria runs approximately parallel to the curve for acidity 
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except that its descending arm runs to a minimum value much 
faster than that of the corresponding arm of the acidity curve. 
The maximum of the bacterial curve might also vary a little from the 
period of maximum acidity. From the observations that have been 
made it is probable that the bacteria, like the protozoa, succeed each 
other in some order depending upon their relative adjustment to the 
changing conditions of their environment. Hence one curve to rep- 
resent all the bacteria has but little significance for that group itself, 
but this general curve is of some use for comparison with the curves 
for protozoa. The decline of the bacteria as a whole may be ascribed 
first to the exhaustion of their food supply. The determination of 

“oxygen consumed, ¢. g., in Table X shows the presence of an abun- 
dance of organic matter at all times in these culture liquids, but the 
kind and condition of this material are not indicated by this estima- 
tion. That which is in available form for a given species is soon 
seized upon and its supply thus exhausted. The second important 
factor in the decline of the bacteria is the accumulation of their own 
waste products, especially the acid resulting from their metabolic 
activity. A low degree of acidity or of alkalinity may act as a stimu- 
lant, but it is well known that increased concentrations of acid inhibit 
the fermentations producing them. 

In all the curves it is noticeable that the second arm representing 
the fall of acidity shows regularly a period of initial rapid fall suc- 
ceeded by a much longer period of low and of more or less uniform 
acidity. The level maintained in this region of the curve is always 
higher than was the acidity of the culture on the day when it was 
set. Owing to the method by which the culture liquid was prepared 
(described in Part I of this paper), the original culture liquid con- 
tained a normal concentration of carbonic acid, for the boiling of the 
entire quantity of culture liquid was purposely avoided. The increase 
of acidity must of course be attributed to the activity of the con- 
tained organisms, and in the beginning mostly to the bacteria. The 
more or less level region of the acid curve I attribute to organisms 
also, but in the main to a different class, the protozoa. Evidence 
bearing upon the question of their presence, kind, and number will 
be given subsequently. The fact that the level region of the curve 
maintains itself above the initial acidity of the culture is best ex- 
plained by the continual respiratory activity, during this period, of 
at times enormous numbers of protozoa. During the period indi- 
cated these supply the carbonic acid at a somewhat greater rate than 
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that of the escape of carbon dioxide, which latter is influenced by 
the partial atmospheric pressure of carbon dioxide and by the un- 
disturbed condition of the culture liquid. Owing to the slowness 
of diffusion, each upper layer of the liquid protects the adjacent lower 
layer from rapid interchange with the air and enables the deeper 
layer to maintain a higher acidity. Direct titration of the acidity of 
samples taken carefully from different depths during the early period 
of the culture when the production of acidity was great, showed in 
creasing acidity for each increase of 5 to10 cm. in depth. If the cul- 
ture were agitated either continuously or at intervals, the curve of 
acidity would of course present an entirely different form, and corre 
lated with this would be a considerably different set of environmental 
conditions, which again would carry with it a corresponding modifi- 
cation of biological content of both qualitative and quantitative 
character. The existence of these relations is easily demonstrated by 
running, for comparison, cultures agitated by a continual current 
of air. For the bacteria we are familiar with the fact that slight 
alteration of the conditions of the nutrient medium may result in the 
growth or the destruction of a given species. Experiments 


vation will soon show that other unicellular organisms also have 


delicate adjustment to their environment. In the discussion of these 


cultures and especially of the acidity curve it must be remembered 


that we are less concerned with the al amount of a 


than with that portion which does not immediately escz 


which the organisms must live in contact. This is the qua 


biological significance which the curve of acidity, obtained 

described conditions, shows. The earlier and later periods 

curve represent times when the bacteria and the protozoa respect 

were predominatingly numerous. Biological observation an 

cal estimation made these extremes easily recognizable. ‘Lhe 

vening interval was of course characterized by the abundance o 

groups of organisms. We have thus far identified successive 


of the curve characterized by rapid rise, then one of mort 


rapid fall, then one of continued level or of very slow fall. 


sufficient number of weeks or months, depending upon tl 
} 


and character of organic matter originally present, the 


its lowest acidity, comparable to that with which it began 


to neutrality or alkalinity. In‘this last period few or no b 


and protozoa are present, but sometimes a number of crustacea, « 


cyclops, can maintain their existence. It is at this time that cer 
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green algz, which locate themselves upon the side of the jar in a 
dense layer, become the predominating organic form, provided the 
conditions of illumination are favorable. The mineralization of organi: 
matter resulting from the preceding biological activities has provided 
a salt solution which fulfils one of the conditions of algal growth. 
The series, bacteria — protozoa — alge, is a fair representation of the 
biological succession which takes place in almost any culture under 
ordinary conditions if the culture be long enough continued. Th: 
changes within the protozoan group I shall describe in more detail 
presently. Of the chemical conditions which are correlated with this 
series that of acidity occupies the most prominent place in the early 
“history of the culture. Further evidence bearing upon the relation 
between acid content and organic content will be given in connection 
with the discussion of the protozoa. 

A study of the numerical data for the methyl-orange alkalinity, as 
given in Tables II to X, shows that these values pursue a more or 
less zigzag course in the history of any given culture, but with one 
or two notable exceptions the general tendency of this curve is up- 
ward. In the following table (XII) are shown the initial and the 
final values for the methyl-orange alkalinity of all the cultures in 
Tables II to X, in the order in which they are recorded, and in 
Curves 3 and 4 is plotted the alkalinity for cultures 5-10-31 1 and 
5-10-31 /2 respectively. 

TABLE XIL 


Initial . 78 68 70:80 80 78 7.0 
Final . 80 76 68 88 58 86 85 


As explained in the previous part of this paper, the above numbers 
represent the amount of alkali and alkali earth bicarbonate. The 
increase of this quantity, as shown in the majority of the data above 
given, is an expression of the process of mineralization of organic 
matter which takes place continually in all the cultures. It is prob- 
able that not all the mineral matter enters into such chemical combi- 
nations as to make it determinable as methyl-orange alkalinity, yet 
the data in Tables II to X and in Table XII show that, upon the 
whole, this estimation gives an index to progressive mineralization. 
The difficulty of making an accurate estimation of this process has 
been referred to in Part I of this paper. As there described, one 
other and important use of the determination of methy]-orange alka- 
linity is its indication of approximately the osmotic conditions. A 
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as only a rough approximation. In any case the methyl-orange de- 
termination is capable of frequently showing pronounced differences 
in the physiological environment prevailing in apparently similar 
cultures. 

The numerical values for the electrical conductivities of the culture 
liquids, as given in Tables III to [X, show the same general upward 
tendency which we have noted in the alkalinity curves. The initia! 
and final values of the electrical conductivities in the order in which 
they occur are shown in the following table: 


TABLE XIII. 


aa Sa 637 637 541 610 582 636 
716 661 442 661 718 718 


The conditions which these curves represent much resemble those 
expressed by the alkalinity curve. The upward tendency of the 
curve is due to increase of electrolytes, and this has been brought 
about by disorganization of organic matter. But in the present 
curve we find expressed not only the salt content, capable of being 
measured as alkalinity, but also the electrical conductivity due to the 
free acidity. The influence of this factor can be traced in the nu- 
merical data, which in some cultures show a series of higher values 
corresponding with the falling arm of the acidity curve. That the 
conductivity curve should follow so irregular a course is comprehen- 
sible when one considers the variety of decomposition or of metabolic 
products which must occur in the progressive degradation of the 
organic matter of these cultures. This matter includes not only the 
metabolic products of living organisms, but also the products from 
the dead forms of all the numerous groups of organisms which have 
succeeded each other in the course of the culture history. 

From the nitrogen determinations no regularities of any sort were 
discoverable. Almost the same report must be made regarding the 
data for oxygen consumed. Both these determinations are still use- 
ful as an index of conditions which exist at the time when the estima- 
tions are made. To forecast the probable course of either of these 
curves would require a much more intimate knowledge of the bacte- 
rial and protozoan content of these cultures than we now possess. A 
comparison of the analysis of events occurring in these culture liquids, 
as here made, and an analysis of the stages of decomposition of 
sewages, as made by Rideal,' leads to the conclusion that the culture 


1 RIDEAL: Sewage and the Bacterial Purification of Sewage, 1g01, pp. 50-11! 
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liquids here discussed are to be regarded as mild sewages, and that, 
practically, the same factors are operative in both cases. Although 
much more investigation has been made of sewage, yet no such un- 
derstanding has been even approached of the complex biological and 
chemical factors as would be necessary to explain the varying course 
of the two curves above described. Adopting the principles which 
Rideal developed for sewages, we can say that there are here both 
zrobic and anzrobic bacteria, some of which convert protein nitro 
gen into ammonia, others which transform this into nitrites, and still 
others which transform nitrites into nitrates. Not only does the pro 
cess operate in this direction, but there are also denitrifying bacteria 
which may partially reverse this process, and some nitrogen may be 
freed as gas. When we contemplate the interaction and the succes- 
sion of these factors, it becomes clear that a lack of precise biological 
knowledge is a serious deficiency to be removed by no small amount 
of research. As previously stated, nitrates added to cultures in active 
decomposition quickly disappeared, showing that the period of pre- 
dominant nitrification had not yet been reached. 


IV. Tue Prorozoan SERIES AND ITS IRREVERSIBILITY. 


In Tables VIII and IX are reported the chemical data for cultures 
5-10-31 / 1 and 5-10-31 2 respectively. For these two cultures 
I have more complete data for their protozoan content and history 
than for any others. Having examined many other cultures with 
essentially the same results, | shall describe these two as types 
cultures raised and managed as previously described. The rel 
numerical rank of a number of species of protozoa was daily de 
mined, as above described under “ Biological Methods.’ r 
obtained by plotting these daily records will be give 
the culture in days is laid off on the abscissa. The relative numer 
cal rank of the organism under discussion is plotted on ordinates 


running downward from the abscissa, so that the lower in rank a 


given protozoan stands at a certain time the lower will its curve e 


tend below the abscissa. In other words, the curves are plot 

the fourth quadrant instead of the first. In the original record 
the curves are plotted in the same figure as the successive plotting of 
each day’s record would produce them, but I shall now have to repr 
duce them singly. This series of observations is not complete for 
all the kinds of protozoa which occurred in these cu 


ltures, but the 
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record is complete for each organism reported for the length of time 
the culture was systematically examined, which in this case was 
twenty-nine days. Some of the observed forms (usually of very 
small size) were not certainly identified, and hence were known by 
some arbitrary designation, e. g., Heterotricha A, Holotricha A, etc. 
The forms thus incompletely classified were familiar because of their 
frequent and regular appearance in different cultures, and they usu- 
ally attracted the attention by their great numbers at some stage 
in the history of the culture, and by their complete disappearance 
subsequently. 

In Curve 5 are shown the data for Stentor coeruleus. The ninth 
day divides it into two regions, the first of which is characterized by 
the numerical decline of these animals as compared to others present 
during the same period. During the second period Stentor flourished 
more than any other organism and attained at one point the first 
rank in relative numbers. The curve has not been long enough con- 
tinued to show the duration of their period of prosperity. Different 
cultures have shown that this period may continue from one to three 
weeks. During their period of predominance these animals may be- 
come exceedingly numerous, forming a dense blue-green layer always 
located on that side of the jar which is turned away from the source 
of light for the room. It is characteristic of the successful Stentor 
period to occur in the later history of the culture, when the most 
active bacterial fermentations have ceased. The liquid which consti- 
tutes their favorable medium is clear, well aerated, and of low acid- 
ity. Another condition of much significance is the salt content of 
the medium. In a previous paper! I have discussed the relation of 
Stentor to salt solutions. The cultures described in the present part 
of this paper were set according to methods detailed in Part I,* using 
a tap water an analysis of the salt content of which is there given. 
To these salts are added those originating from the hay. It is not 
probable that the total resulting salts differed enough, either qualita- 
tively or quantitatively, in the periods of decline and of predominance 
of Stentor to account for the differentiation of these two periods. I 
think the same may be justly said regarding other animals for which 
I shall present curves. It is of course possible for changes of the ap- 
propriate kind and amount to produce periods of decline and of pre- 


1 PETERS: Metabolism and division in protozoa, Proceedings of the American 
Academy of Arts and Sciences, 1904, xxix, pp. 441-516. 
2 PeTers: This journal, 1907, xvii, pp. 443-477. 
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dominance such as here occur, owing to the normal adjustments of 
the animals to different conditions of salt content. To demonstrate 
that such precise adjustment exists requires only a few experiments 
directed to this end, and I have reported numerous tests of this kind 
in my paper under date of 1904, to which I have above made reference. 
Another factor which might be considered in accounting for the two 
parts of the Stentor curve is the food supply. I do not believe that this 
factor here plays an effective part. By compressing Stentors under 
a cover-glass by the withdrawal of the water which supports it much 
of the food of the animals can be examined. The transparency of 
the uninjured animal also permits direct observation of the ingested 
matter. By this means it is easily determined that Stentor cceruleus 
is omnivorous. I have seen ingested Paramecia, making active 
movements and finally disappearing by digestion, thus showing that 
Paramezcia can serve as food. I have also observed Stentors to be 
come pale and die in a culture containing many Paramecia, and re- 
peated observation showed that the latter animals were not being 
utilized as food. Arcellz, various flagellates, and alga seemed to be 
more favorite foods. Owing to the omnivorous habits of the animal, it 
is safe to say that plenty of available food was at all times present pre- 
vious to their period of abundance, and their failure to flourish during 
the early period must be attributed to some other cause. The same 
reasoning, based upon similar but Jess numerous observations, leads 
me to the opinion that the curves which I shall give for other pro- 
tozoa cannot be accounted for by the conditions of the food supply. 
While aeration, salt content, and food supply must be favorable to 
produce a period of abundance of a given species, it is also true that 
these very conditions may be and frequently are present when this 
same species maintains only a low numerical rank in comparison with 
others. This peculiarity which is so pronounced in the cases for 
which I shall present curves is best accounted for, it seems to me, by 
a consideration of those environmental conditions whose parallel 
changes can best be correlated with the physiological variations of 
the animals. That one of these conditions which is chemically most 
prominent in its variation and which is known to produce strong 
physiological effects upon living protoplasm is in the present case the 
condition of acidity. Other important factors of a physical or chem- 
ical nature mav also have been present, but, if so, they were not de 
tected. The hypothesis that the concentration of acid is probably 
the most efficient factor in determining the biological succession in 
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these cultures is strongly supported by the results obtained in experi 
ments made in this laboratory, on certain commonly occurring proto- 
zoa, to test their relation to an acid environment. Colpidia and 
Paramzcia were raised in great abundance in the same culture whos 
medium was a hay infusion made as previously described. It was 
observed, however, that the period of maximum abundance of Col- 
pidium always occurred earlier in the history of the culture than that 
of Paramecium, and that the Colpidium period always coincided 
with that of high acidity of the medium, the Paramezcia reaching 
their period of numerical predominance at some time beyond that of 
maximum acidity. Of course both animals existed in the culture at 
the same time, but the above description fairly describes the numer 
ica! relations. After a time Colpidia disappeared, but Paramzcia re- 
mained throughout a long period of the culture history. Owing to the 
above conditions, these two animals offered good material upon which 
to test the question of their relative adjustment to acid in their medium. 
An index to this adjustment was obtained by determining the mini 
mum concentration of hydrochloric acid which would kill the animals 
instantly when the concentration of acid was suddenly raised by the 
addition of hydrochloric acid to their natural culture medium. It is im 
portant to observe that the animals were not first brought into simi- 
lar and supposedly normal physiological condition by changing thei 
medium to distilled water, as has been done in some investigations, 
but these tests were made with the natural culture medium which was 
the same for both animals. Of course some of the acid was neutralized 
by the abundance of bicarbonates in the hay infusion, but this amount 
was the same for both animals, and we desired for our purpose of 
comparison to determine the relative, not the absolute killing points. 
A detailed description of these experiments has not been published, 
and I shall use here only the results obtained. By the method pur 
sued the experimenter became so practised as to be able to detect 
with reliability killing points which differed from each other by the 
concentration of a 0.0001 normal solution of hydrochloric acid. As 
the result of numerous experiments it was found that Colpidia and 
Paramzcia originating from the same naturally acid culture medium 
required minimum concentrations of hydrochloric acid to kill them 
instantly, which differed by a several times greater amount than the 
limit of error of the experimenter. Furthermore Colpidium always 
required a much higher concentration of acid to kill than Paramaccium 
From these results we may fairly conclude that Colpidium is 
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much better adjusted to normally occurring high acidities than Para- 
mzecium, and that this is one of the chief factors in determining the 
numerical superiority of Colpidia over Paramzcia during the early 
days of a culture history, and the reversal of this relation in the 
subsequent period even leading to complete disappearance of Col- 
pidium. These experiments do not lead to any necessary conclusion 
as to how the acidity acts in determining the proportionate numbers 
of the two species. In particular the action of the acid should not 
be interpreted as exerting an inhibitive influence only, as if it were 
simply a poison in all concentrations. It is possible, and probable 
from some experiments which I have made, that in low concentra- 
tions, such as might normally occur in these cultures, the acid acts 
as a stimulant upon multiplication, and moreover influences one 
species more strongly than another. The experiments with acid 
were not extended to other animals of the series occurring in cul 


tures, but I have never found Stentors numerous and in healthy 


condition in any medium whose acidity was high, and, as before 


stated, the media in which they occurred abundantly have shown 
very low acidity. In its relation to neutral salts contained in its 
medium Stentor has shown itself to be very sensitive, and in view 
of all the facts thus far developed it may be considered highly prob 
able that the condition of acidity of the natural cultures described 
is a determining moment in causing the decline of the Stentor curve 
in its initial period. I have merely taken the curve for Stentor 
as a type of all those I shall present, and I regard the principles 
illustrated in its explanation as applicable to all the curves. There- 
fore I shall illustrate from Stentor another proposition of general 
validity for all the species discussed. 

It might be supposed that if the different species of protozoa were 
placed in the culture liquid in sufficient numbers at the beginning 
they would not show the phenomenon of occurrence in series. In 
other words, a preponderance in numbers in the seed material used 
gave to some species an advantage over others. To test this pos 
sibility the Stentors were seeded into the cultures, for which the 
Stentor curves are given in very large numbers. The curve shows 
that they were third in rank on the first and second days. Since 
they naturally occur in predominant numbers only in the later period 
of a culture history this abundant initial seeding would show whether 
mere force of numbers could account for this fact. If so, they ought 
to flourish well in the early period under the condition of abundant 
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seeding. The curve actually obtained shows that they suffered a 
period,of decline extending through the first nine days of the record. 
Observation of the Stentors during this period showed that they 
became pale instead of keeping their healthy blue-green color and 
that many of them disintegrated. This period of decline is to be 
attributed to an unfavorable condition of the medium, and in all 
probability to the acidity, which was of the most pronounced char- 
acter during this interval. Sometimes Stentors bear the fermentation 
period much better than in the above typical case and begin to 
flourish much earlier. It is impossible to change their period of pre- 
dominance by merely introducing them in sufficient numbers at the 
time when the change in numerical rank is desired. In other words, 
the serial position of these animals in a list showing the order of 
numerical predominance of the different species of protozoa is not 
reversible. Similar experiments made to test this proposition for 
several other species besides Stentor leads to the conclusion of the 
general validity of the principle that the serial order of the biological 
groups in cultures managed as previously described is irreversible. 
This statement does not exclude the possibility that some groups 
may have a range of adjustment so wide as to flourish at all periods 
of a culture history, though I have not found any group that fell 
strictly within this class. Paramezcia occur abundantly through a 
wider interval of time than almost any other form, but even they are 
adversely affected by the early conditions. The effort was made to 
seed the two cultures from which the curves were obtained in as 
great abundance as taking the seed from other old cultures would 


permit. Hence it is easy to understand why, as in the case of 
Stentor, many of the animals have a high position in the beginning 
which they iail to maintain. These curves may be regarded as con- 


taining an abnormal period. 

Amceba is almost always found in these cultures in the zoogloea 
which in successive layers cover their surface. Their numbers may 
be small, but in many cases they are enormous. I have not esti- 
mated their numbers in such way as to represent them by a curve. 
Their presence always coincides with the downward arm of the 
acidity curve. I have never observed them to be numerous before 
this time nor to continue long after the principal fall of the acidity 
curve. They are never large in size, but one can note an increase 
in this respect from day to day as samples of the material are taken 
for examination. Finally, when their number becomes smaller, it 


Chemical Studies on the Cell and its Medium. 343 


is observed that frequent cases occur of the fusion of many indi 
viduals into one. These features in conjunction with some other 
observations lead to the suspicion that the forms seen are amacboid 
stages in the life history of some unknown organism. To what 


extent this may be true of all amoeba we of course do not know 


Curve 6 shows the data for a form designated as Holotricha A 


It was present in the culture from the sixth to the twenty-th 
It appeared suddenly in great numbers, had a well-defined 
period, and then completely disappeared. 

Curve 7 represents Hypotricha A, a form having a still more ] 
ited time range, extending from the eighth to the fourteenth day 
during its short maximal period it made itself noticeable by a la: 
relative as well as absolute abundance. 

Curve 8 represents Heterotricha A, whose curve muct 
that for Holotricha A in Curve 6, but its. numbers are pitched 
a lower scale. 

Curve 9 represents Heterotricha B, a form which was always 
acterized by reaching its maximum during the later stages of 
culture history. 

Curves 10 and I1 represent two different species of rotifers. Like 
Stentor, the rotifers always belonged to the later culture history, 
but with this difference that they are much more resistant to adverse 
conditions than Stentor. When seeded in large numbers into 
culture at its beginning, the curve shows much the same 
as that for Stentor, and I would attribute its course largely to the 
same influences, among which the early acidity of the culture play 
a prominent part. The eggs of rotifers were easily obtained from 
these cultures, and their development was observed in separate prepa 
rations, using methods previously described. 

Curve 12 represents Arcella vulgaris, whose number was 
large in the early and, middle periods of the culture history. 

Curve 13 represents Paramzcium. VParamacia were seeded 
the medium in very large number, and hence the curve does 
fairly represent the position of their optimum conditions, 
occurs beyond the period of greatest acidity. Owing to their ad 
ment to a wide range of conditions, their number did not 
as pronouncedly during the period of high acidity as was the case 
with Stentor, an organism of much narrower range of adjustment 
Experiments which will not be detailed here have shown that a cer 
tain low concentration of acidity acts as a stimulus upon the rate of 
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division of Paramecium, but at a higher concentration becomes in 
hibitory. The large range of adjustment of Paramecium also explains 
why they are a numerically prominent organism throughout the 
greater part of a culture history. 


Ficure 2.— The accompanying curves are all plotted to the same scale of days, showing 
the ages of the cultures on the ordinates from 0 to 30. Curves 1 to 4 are plotted 
in the first quadrant, numbers 5 to 13 in the fourth, so that uniformly a rising curve 
indicates an increasing quantity, as in Curves ] to 4, or an increasing numerical rank 
as in Curves 5 to 13. The sudden beginning or cessation of a curve indicates that 
the animals are at that time entirely absent, or perhaps too few to attract attention in 
making the counts. 
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The discussion of the preceding curves shows that in order to de- 
termine from them the period of an animal's optimum conditions due 
allowance must be made for the effect produced upon the curve at its 
beginning by seeding the organism in question into the medium in 
very large numbers. 

A study of all the data shows that the entire history of a culture 
managed as described falls into a number of easily recognizable 
periods. I would describe these in broad, general terms as follows: 
The first is the period of high acidity characterized biologically by an 
abundance of bacteria. The next succeeding period, that of falling 
acidity, is characterized by some well-adjusted forms which appear in 
sudden abundance but whose time range is limited. To this group 
belong, roughly, Ameeba, Holotricha A, Hypotricha A, Heterotricha A. 
The third period I have usually referred to as the later culture his- 
tory. It is characterized by Stentor and rotifers, and by the de- 
velopment of a rich growth of green algz which continues into the 
next period. Paramzcium, as above explained, extends through both 
the second and third periods. The fourth period is marked by the 
practical exhaustion of available organic food for animals, and it may 
be well called the period of faunal sterility. Small crustacea, ¢. g. 
cyclops, frequently live for a considerable time during this period, 
The period is characterized by the conspicuous absence of numbers 
and variety of organisms and the medium is frequently destitute of 
living things except for the presence of spores and cysts or of eggs. 
It is worthy of note that a culture can be revived by refeeding it, by 
the same method as originally used, when it has arrived at the end of 
the third or the beginning of the fourth period. If thus refed weth- 
out reseeding, practically the same phenomena will recur as the culture 
has already once exhibited. 


V. SUMMARY. 


1. A liquid medium consisting of water, salts, gases, and organic 
matter from the extraction of hay has been studied as a type repre- 
senting the essential conditions of the solutions in which the vast 
majority of cells pass their existence. After seeding this medium 
with a considerable variety of plant and animal organisms its progres- 
sive chemical changes from day to day were quantitatively determined. 
These estimations included mainly the (1) phenolphthalein acidity, 
(2) methyl-orange alkalinity, (3) electrical conductivity, (4) oxy- 
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gen consumed, (5) organic nitrogen. A determination of the 
parallel biological changes was also made by methods which showed 
the relative abundance of the different organisms present at a given 
time. The ranks attained from day to day by different organisms 
have been plotted in curves which show variations in relative abun- 
dance throughout the history of a culture. 

2. The data obtained indicate that of the chemical! conditions the 
concentration of acid, which is due primarily to bacterial metabolism, 
is one of the chief factors determining the biological content and 
history of a culture managed as previously described. The biological 
data show, besides the facts regarding the relative numbers of each 
individual organism studied, that the history of a culture shows four 
recognizable periods. The first is characterized by maximum acidity 
and by the very abundant development of certain bacteria. The 
second period shows a falling degree of acidity, and in it develop 
certain forms which appear suddenly in large numbers but which are 
of only temporary supremacy. The third period is of longer duration, 
shows low acidity, and has its characteristic forms, which may have 
been present previously, but whose maximum occurs here and is more 
or less prolonged. The fourth period proceeds with an exhausted 
condition of organic matter and a more or less favorable salt solution 
for the nutrition of algz, which solution owes its origin partly to the 
previous mineralization of the organic matter by biological processes. 
Few faunal organisms live in this period, but green algze may develop 
abundantly under favorable conditions of illumination and temperature. 

3. When an organism has a pronounced optimum position at either 
extreme of the culture history it is not possible to reverse the position 
of its optimum by seeding it into the culture at a different time than 
that of its optimum. The organism so seeded speedily undergoes 
diminution in numbers in consequence of the unfavorable conditions 
of the medium. The normal sequence of narrowly adjusted organisms 
is irreversible. 


«GASTRIC PERISTALSIS IN RABBITS UNDER NORMAL 
AND SOME EXPERIMENTAL CONDITIONS. 


By JOHN AUER. 


[From the Rockefeller Institute for Medical Research and the Physiological Laboratory, 
Harvard Medical School.] 


INTRODUCTION. 


NTIL quite recently knowledge of the behavior of normal gas- 

tric peristalsis was derived from studies by various methods, all 
of which were carried out under more or less distinctly pathological 
conditions. These methods were as follows: (1) Observation of 
the excised stomach placed in a moist, warm chamber (Hofmeister 
and Schiitz!). The abnormality of this procedure is evident and 
requires no comment. (2) Observation of the stomach in the 
living animal with opened abdomen without anesthesia (Wepfer, * 
Schwartz ®*) or under the influence of morphine or curare (Rossbach *). 
We know now that pain and rage as well as morphine and curare 
modify the behavior of normal peristalsis. The profound effect which 
opening of the abdomen exerts upon peristalsis wil] be discussed later. 
(3) Study of the peristalsis through a gastric fistula in man and 
animals by introducing into the stomach a thermometer (Beaumont °), 
a manometer (Uffelman®) or a balloon connected with a graphic ap- 
paratus (Ducceschi‘). The adhesions of the stomach to the ab- 
normal wall and the presence of foreign bodies in the stomach surely 
influence normal peristalsis. (4) Peroral introduction of a stomach 


1 HOFMEISTER and ScuUTz: Archiv fiir experimentelle Pathologie und Phar- 
makologie, 1886, xx, p. 7. 

2 WEPFER: Historia cicute aquatice, Basel, 1679, p. 152. 

® SCHWARTZ: HALLER’S Dissertationes anatomice, Gottingen, 1746, i, pe 337. 

* RossBacH: Deutsches Archiv fiir klinische Medicin, 1890, xlvi, p. 296. 

5 BEAUMONT: Physiology of digestion, Burlington, 1847. 

® UFFELMAN: Deutsches Archiv fir klinische Medicin, 1877, xx, p. 546 

7 DucceEscu!: Physiologie des Menschen. Translated by BAGLIONI 
and WINTERSEIN, 1906, ii, pp. 163 ef seg. 
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tube, the tip of which is provided with a balloon (Morat!). Besides 
the fact that we have here again a foreign body in the stomach, the 
presence of the tube in pharynx and cesophagus and the reflexes 
it produces are probably not without modifying influences upon the 
normal course of gastric peristalsis. Moreover, tracings so obtained 
without any other control are open to a variety of interpretations. 

The only method which can claim to investigate normal peristalsis 
under normal conditions is the fluoroscopic inspection of the stomach 
after giving the animal food mixed with bismuth. As is well known, 
this method has been extensively employed by W. B. Cannon ? for the 
last ten years, and the numerous results which it brought to light 
need not be pointed out to readers of this journal. In these studies 
the observations were mostly made on the stomachs of cats. A dis- 
advantage of this method is the fact that it demands complex 
apparatus, and furthermore the method requires also an investigator 
who is an expert in this mode of observation. 

Considering the numerous researches which deal with gastric peri- 
stalsis, it is somewhat surprising that a method was overlooked by 
means of which stomach motility could be studied in a common 
laboratory animal without any operation, and under conditions that 
are as physiological as any method can give that demands fixation of 
the animal. In the rabbit mere inspection reveals gastric peristalsis. 
In the literature no statement was found indicating this fact. On 
the contrary, many writers point out especially the tardiness or lack 
of peristalsis of the rabbit’s stomach. But these writers studied the 
stomach in the opened abdomen, where its motility is indeed strikingly 
retarded, if not entirely absent. 


NORMAL PERISTALSIS OF THE RABBIT’S STOMACH. 


Methods of observation. — The animals were observed under normal 
conditions; the only abnormal state was their extension and fixation on 
a holder. They were placed on cotton and well covered to prevent loss 
of heat as much as possible. Disturbing and exciting influences were 
avoided. No narcotics were administered except in experiments 
devoted to the study of their effects. 

The observations were carried out, in the first place, by simple in- 
spection. With a little practice any one may recognize the stomach 


1 Morat: Archives de physiologie, 1893, v, p. 142. 
2 CANNON, W. B.: Science, June 11, 1897, p. 902; This journal, 1898, i, p. 359. 
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waves and follow out their course. It is a great advantage that a 
number of persons may observe the peristaltic movements at the 
same time, and individual subjective observations can thus be satis- 
factorily controlled. Besides simple inspection, tracings of the gastric 
movements were obtained. These tracings have the advantage that 
their interpretation was controlled by the inspection method. 

Inspection. — If a rabbit, well fed shortly before the experiment, is 
stretched on its back and the hair of the upper abdominal region 
cut short, a large part of the stomach can easily be outlined by in- 
spection and by palpation. The position occupied is usually either 
diagonally from the right chondro-xiphoid region downward and to 
the left, or the organ lies transversely. Full-grown rabbits are pref- 
erable, for their stomachs are larger and a greater area is available 
for observation, due to a perhaps normal gastroptosis. 

Inspection of the stomach area for the first few minutes reveals no 
motion (Fig. 3, a), but after three to ten minutes a shallow depression 
may be seen apparently arising at the junction of the fundic and 
middle thirds of the stomach. This depression courses slowly over 
the viscus from left to right, increasing moderately in depth as the 
pyloric third is approached. The initial depression’ on the abdominal 
wall of the rabbit over the stomach apparently does not reach the 
greater curvature. Whether this wave involves the lesser curvature 
cannot be stated, for this portion of the stomach is hidden from sight 
by a lobe of the liver. Preceding the depression is a bulging, which 
increases and reaches its maximum at the beginning of the pyloric 
third. On reaching this point the depression often seems to pause for 
an appreciable period of time, and then a contraction of the bulging 
pyloric third sets in. This latter contraction does not seem peristaltic, 
but apparently occurs more or less asa whole; the bulging sinks away 
without showing any peristaltic wave. During this sinking the con- 
traction causing the bulging relaxes, and the contents of the pyloric 
third may often be seen forced partially into the middle third of the 
stomach again, thus simulating a short anti-peristaltic wave. At 
other times, especially in young rabbits, and when the stomach was 
moderately dislocated downward in order to render the pyloric third 
more completely.visible, the contraction of this portion of the stomach 
seemed to be caused by a peristaltic wave which traversed the 
bulging. 

When peristalsis is fully established, the prominence of the pyloric 
third at the end of a gastric wave is very marked, and its peculiar 
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contraction may then be best noted. The contraction may reduce 
the mass to the same level occupied by that stomach region before 
diastole (Fig. 1, 2), or the systole may be so powerful that the pyloric 
third disappears entirely from view (Fig. 1, 4). During a contraction 
of the latter type a bubbling sound is often audible. 

The waves increase slowly in vigor and frequency, and are most 
marked about one to two hours after feeding (Fig. 1, a, 4). Then 
the constriction at the beginning of the pyloric third and the bulging 
of that portion become extremely marked. In many instances the 
constriction was so marked that separation of this part from the rest 
of the stomach cavity seemed to be produced, the organ showing an 
hourglass shape. This constriction was a few millimetres in width 
at its base, and either maintained its position and strength during 
the ensuing contraction of the pyloric third or relaxed during it. 

Pyloric sounds. — 1f the powerful constriction described above was 
more or less maintained, a musical gurgling sound was frequently 
heard during the contraction of the pyloric third. This sound seemed 
to be produced in the right hypochondriac region, and on lightly 
pressing a finger beneath the pyloric portion of the stomach over the 
duodenum, a fine bubbling thrill of varying length and intensity 
could be easily felt. This thrill occurred at irregular intervals, and 
seemed undoubtedly to be produced by the expulsion of liquid 
material from the stomach into the gas-containing duodenum. Palpa- 
tion frequently showed a thrill in the duodenal region, when the un- 
aided ear heard no sound, and when the constriction above noted was 
not extreme. It must be mentioned that a loop of the cecum passes 
just beneath the pyloric third of the stomach, and in this loop cecal 
sounds may be heard and felt. Their dull, popping character and 
coarse thrill is quite different from the rather musical, high-pitched 
sound and fine thrill produced by the expulsion of material through 
the pyloric sphincter. 

Graphic registration. —The frequency of the waves varied from 
one to five or more per minute; two waves crossing the stomach at 
the same time could always be seen when peristalsis was active. In 
order to count them for long periods of time graphic registration was 
used. ° 


This was easily accomplished by placing a Marey receiving tambour, about 
four centimetres in diameter, over the pyloric third of the stomach, and 
then connecting with a Marey writing tambour which traced the volume 
curve of the stomach area covered on smoked paper. The receiving 
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tambour was held in place by four pieces of tape radiating from the tam- 
bour stem, the tape ends passing through holes in the rabbit board where 
they were fixed by plugs. The position of the tambour itself was marked 
on the abdominal wall with pencil, so as to permit readjustment when 
dislodged by movements of the animal. In this connection it may be 
permitted to state that considerable a 

patience is often required with some ‘at 
rabbits, for active movements usually 
require rearrangement of the receiv- 
ing tambour. After preparing the 


animal in this fashion it was covered _ 
FIGURE ] a4.— All the tracings are taken 
with cloths and cotton wool, so as_ 
rom the pyloric third of the rabbit’s 
to prevent loss of heat as much as stomach by means of tambours. The 


possible. large waves are stomach waves, the 
rising limb representing an increase 
In the tracings the upward di- in volume, diastole; the descendi: 


rection of the curve means an in- limb representing a diminution of \ 
, systole, of the pyloric third 
crease in volume of the stomach *ystolc 
rhe smaller curves superimposed 
area covered by the tambour, a the larger are respiratory oscillations 
diastole; the downward movement Time marks represent six seconds 
means a diminution in volume of  !'4<ing taken twenty minutes after 
feeding. 
that area, a systole. 
By this method not only the stomach waves are written, but 
the respirations are also shown as oscillations superimposed on the 
stomach waves. With delicate adjustment of the writing lever the 


{ 


Ficure 1 6.— Same animal eighty minutes after feeding. The three strong contractions 
are to be noted; pyloric sounds as a rule are associated with them 


heart beats are shown as small notches on the respiratory oscillations. 
The pyloric third was usually chosen for registration because the 
waves are there most marked. Thetracings bring out well the points 
already described, and emphasize the almost machine-like regularity 
of the waves, which occur one or two hours after feeding. Then there 
is usually only a slight pause, or none at all, between the rhythmic 
play of systole and diastole (Figs. 1, a, 2, 6, 3, c). If a considerable 


A 
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length of time has elapsed since the last feeding and when peristalsis 

is slow, the pause between systole and diastole may be marked (Figs. 

I, ¢, 3, @) and the waves do not occur with such marked regularity, 
both as to time and strength of contraction. 

The length of time necessary for a wave to traverse the stomach 

cannot be determined by this method with accuracy, for the real 

starting time cannot be noted, 

because the depression caused 

by a beginning gastric wave is 

probably so slight that the ab- 

dominal wall shows no sign of 

it. Bearing this in mind, it may 

be stated that the waves take 


approximately about twenty sec- 
onds to cross the stomach. The 
contraction of the pyloric third, 
from the beginning of diastole 
to the end of systole, consumes about fifteen seconds. This time 
interval is fairly constant, as an examination of the tracings will show. 

As already stated, the site of origin of a gastric wave cannot be 


FIGURE 1] c. — Five hours after feeding. Taken 
from another rabbit which showed rapid 
respiration. 


determined with accuracy. Inspection shows the first sign of a de- 
pression on the anterior surface of the stomach, about at the junc- 
tion of the fundic and middle thirds. This corresponds about to the 
region below the entrance of the esophagus. When the receiving 
tambour is placed over the fundus, changes in volume are registered ; 
but this can by no means be interpreted as due to a wave starting at 
that place; it might well represent only the bulging caused by the 
transmission of pressure produced by a wave beginning nearer the py- 
lorus. The method described can give no definite answer to the 
question, whether or not gastric waves begin in the fundus. 

When the abdomen of a rabbit is opened so as to identify the dif- 
ferent portions of the stomach seen through the intact abdominal 
wall, it is found that the pyloric third is composed of two well-defined 
divisions, an antrum and a preantrum. The marked bulging 
which the abdominal wall shows towards the end of a gastric wave, 
as described in the preceding pages, is caused by the filling of the 
preantral portion. This preantral division is well marked off from 
the rest of the stomach by a pouching which occurs both on the 
lesser and greater curvatures, the one on the greater curvature being 
the longer and larger of the two; the preantrum thus forms a knee 


Gastric Peristalsis in Rabbits. 353 


connecting the stomach with the antrum. But these outpocketings 
are not the only features that serve to differentiate this region; its 
musculature is thick, practically as thick as that of the antrum itself, 
and the border of the preantral bag is quite sharply marked off from 
the thin musculature of the fundic part of the stomach. The muscu- 
lature of the preantrum shows strong circular fibres, some of which 
apparently insert in tendinous patches, of which each surface, anterior 
and posterior, shows one. The preantrum is flattened anteroposte- 
riorly, and the level of the two surfaces is about that of the stomach 
proper. 

The antrum itself is very muscular, and forms a cone-shaped cap, 
closing the preantral cavity. Between antrum and preantrum is a 
definite constriction marking the aztra/ sphincter; between pre- 
antrum and the rest of the stomach is another perfectly definite con- 
striction, and at this region the preantral musculature abruptly loses 
its thickness, its border forming the freantral sphincter. 

Inspection of a rabbit’s abdomen, as a rule, shows only the pre- 
antral portion of the pyloric third of the stomach; the antrum is too 
deeply located to affect during its activity the surface conformation 
of the abdomen under ordinary conditions. 

Discussion. — From the description given above, it will be seen that ° 
the preantral region of the rabbit’s stomach is definitely differentiated 
anatomically, and possibly has also a different function. The litera- 
ture does not contain definite statements on the preantrum. Hof- 
meister and Schiitz,' it is true, speak of a “ preantral constriction,” 
which marks the end of the first phase of their “ Peristole,” but it is 
evident that they only mean to localize the site of the constriction 
by this term; there is no evidence that they meant to differentiate a 
preantrum from the antrum. Cannon,” in a diagram of the cat’s 
stomach, distinguishes a preantrum from the antrum, but no special 
statement is made regarding its structure and function. Ellen- 
berger and Baum ® make no mention of a preantrum in the dog. The 
textbooks on human anatomy describe no preantral region. For 
the rabbit itself this anatomical differentiation of the pyloric third 
of the stomach into an antrum and preantrum seems to be un- 
known; Krause‘ states-nothing bearing on this question. Nor do 


1 HOFMEISTER and SCHUTZz: Loc. cit. 

2 CANNON: This journal, 1898, i, p. 364. 

§ ELLENBERGER and Baum: Anatomie des Hundes, 1891, p. 290. 
* KRAUSE: Die Anatomie des Kaninchens, 1884. 
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Oppel! and Wiedersheim * mention or give a drawing of the prean- 
trum in rabbits. 

It is interesting to note, however, that the behavior of the rabbit’s 
preantrum during a gastric wave tallies quite well with the description 
Hofmeister and Schiitz* give of the rdle played by the antrum in the 
dog. Those authors state that a gastric wave, as seen in the excised 
stomach of a dog, consists of two phases. During the first phase a 
peristaltic wave, increasing in intensity as it progresses, ends in a 
deep preantral constriction. During the second phase the sphincter 
antri contracts powerfully, the preantral constriction relaxing mean- 
while, so that the stomach assumes an hourglass shape, the antral 
cavity being separated from the rest of the stomach; then the an- 
trum contracts, not peristaltically, but more or less as a whole. It is 
unfortunate that the data at hand do not justify any definite state- 
ment regarding the behavior of the rabbit’s antrum during a gastric 
cycle. 

Moreover it must be mentioned that Hofmeister and Schiitz’s 
description of gastric peristalsis, while corroborating Beaumont’s * ac- 
count, has not in its turn been corroborated by more recent investi- 
gators. Rossbach,® Cannon,® Roux and Balthazard,’ all state that the 
* gastric wave sweeps peristaltically over the antrum in cats, dogs, 
and man. 

Whether in the rabbit the antrum behaves like its preantrum, and 
whether there is a difference in the peristaltic contraction of the 
stomach between herbivorous and carnivorous animals, are problems 
whose solution must be left to future studies. 


GASTRIC PERISTALSIS UNDER SOME EXPERIMENTAL CONDITIONS. 


This method lends itself readily to the study of gastric motility 
under various experimental conditions, and some of the facts obtained 
wil] now be described. 

1 OprEL: Lehrbuch der vergleichenden mikroskopischen Anatomie der Wirbel- 
thiere, 1896, i, p. 386. 

2 WIEDERSHEIM: Vergleichende Anatomie der Wirbelthiere, 1902, p. 376. 

® HOFMEISTER and ScutTz: Archiv fiir experimentelle Pathologie und Phar- 
makologie, 1886, xx, p. 8. 

* BEAUMONT: Loc. cit. 

5 RossBACH: Deutsches Archiv fiir klinische Medicin, 1890, xlvi, p. 296. 

®* Cannon: This journal, 1898, i, p. 367. 

7 Roux et BALTHAZARD: Comptes rendus de la société de biologie, 1897, iv, 
p. 705; Archives de physiologie, 1898, xxx, p. 88. 
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Pasting. — If a well-fed animal, whose stomach motility has been 
noted, is starved from twelve to twenty-four hours, the peristaltic 
waves are greatly reduced in strength and may be absent entirely. 
Full-grown animals must be used for this study, because a twenty- 
four-hour fast reduces the volume of the stomach, so that in young 
rabbits the pyloric third is largely 
hidden by the right costal arch. 

In older rabbits the viscus is larger, 

lies lower in the abdominal cavity, 

and fasting for a moderate time 

does not markedly decrease the . 
stomach surface available for study. Ficure 2a.—Stomach was mod 
This reduction, or cessation of distended with air before tracin, 
stomach movements during fast- 
ing, has been noted by many ob- 
servers in different animals. The cessation is particularly interesting 
in rabbits, because this animal’s stomach is never empty; after a fast 
of ten days the stomach is considerably reduced in size, but it still 
contains a fair amount of material. 


taken No movements visible 


distention, as animal was starved 


FicureE 2 4.— Air was removed from the FIGURE 2¢.— Same animal. Stomach re- 
stomach per tube : diminution of gastric distended with air: increase in strength 
waves. of waves 
Distention. — From the above it would seem as if a certain disten- 

tion were a factor in the production of the peristalsis. ‘This suppo- 

sition was established by an experimental test. When the stomachs 
of starving rabbits, which show only slight or no gastric motility, were 
distended with air or water, peristaltic waves arose, or were increased, 
if they had been present before. Figure 2,a, shows strong and 
regular gastric pulsations obtained from the pyloric third, after mod- 
erate distention of the viscus with air introduced per stomach tube ; 
before the distention no waves were visible. Some time after dis 
tention, the air was removed as much as possible through a catheter 
passed into the stomach; the stomach waves were again greatly 
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reduced (Fig. 2,4). On redistention with air (catheter), vigorous 
peristalsis was re-established (Fig. 2,¢). The distention must be 
moderate; the amount varies with each animal. Too much pressure 
not only fails to cause increased activity, but reduces whatever mo- 
tility existed before distention; and if too little air or water is intro- 
duced the increase may be only slight or absent entirely. After 
distention with air pyloric sounds frequently occur, and by this 
method they may be produced at will. 

This distention reflex has been described by Schiitz,! who used the 
dog’s excised stomach, and by Ducceschi.? The latter gives tracings 
illustrating the primary increase on distention and the decrease in 
strength of the contractions by overdistention of the dog’s stomach. 

Distention, however, is probably not the only factor in producing 
strong peristalsis. It was stated above that peristalsis of the rabbit's 
stomach was most vigorous one to two hours after feeding, and that 
the increase in vigor was gradual (Fig. 1a, 6). If the distention 
were the sole cause of the peristalsis, it should set in immediately 
after feeding, since it is then that the chief distention takes place; 
unless it is assumed that the stomach volume is considerably aug- 
mented by the formation of gases in some fashion or other within the 
stomach during digestion. However, the view expressed by some 
writers, that the products of digestion assist in stimulating the 
stomach movements possibly explains the gradual increase in a more 
plausible fashion. 


CONDITIONS INHIBITING PERISTALSIS. 


The stomach movements are easily inhibited by a variety of 
influences. 

Psychic influence. — The necessary handling to which the rabbit is 
subjected when being tied on the board stops gastric peristalsis for a 
variable length of time, as has already been mentioned (Fig. 3, 2). 
Within ten minutes, as a rule, movements again appear. But if the 
animal be startled in any way, or if it struggles, motion is again 
abolished for some time. Occasionally the stomach stops moving for 
no cause appreciable to the observer. The influence of emotions 
upon gastric peristalsis is not new; Cannon® has found that rage, 

1 ScuUTz: Archiv fiir experimentelle Pathologie und Pharmakologie, 1886, 
p- 343- 

2 See Lucianr’s Fisiologie del’ Uomo, 1901, i, p. 680, for tracings. 

* Cannon: Loc. cit., p. 380. 


Gastric Peristalsis in Rabbits. 357 


fright, anxiety, abolish movements of the stomach in the cat; and 
Rossbach! has noted stoppage of intestinal peristalsis after the same 
causes in the human subject. 


(V/ 


FicureE 3 a.— Tracing taken shortly after animal was stretched out on board. Note the 
initial inhibition (only partly shown in tracing). 


Ether. — When ether is given continuously to a rabbit, advancing 
the cone very slowly toward the animal and avoiding respiratory 
stoppage, the first effect, as a rule, is cessation of peristalsis. This 
inhibition of gastric peristalsis lasts from thirty seconds to several 


FicurE 34.— Same animal now fully anzsthetized | 
more regular and powerful than before anzxsthesia 


minutes, respiration continuing uninterruptedly with careful admin 
istration of the ether (Fig. 3,@). This naso-gastric inhibitory reflex 
is thus seen to be more sensitive than the well-known naso-respiratory 
inhibitory reflex described by Kratschmer* and by Holmgren. Not 
all ‘animals, however, show this period of inhibition at the beginning 
of ether anesthesia. (Some of these refractory animals suffered from 


a moderate nasal discharge, and it is possible that in those cases in 
1 RossBacu: Deutsches Archiv fiir klinische Medicin, 18g, xlvi, p. 32¢ 
2 KRATSCHMER: Sitzungsberichte der Wiener Akademie, math.-phys. Kl 
2 Abt., 1870 Ixii, p. 147. 
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flammation of the nasal mucous membranes was the cause of failure.) 
When ether was administered through a tracheal cannula, no inhi- 
bition was caused. 

After the more or less long period of inhibition, gastric peristalsis 
is re-established; at first it is somewhat irregular, but later it is at 
least as regular as before the 
anesthesia. This regularity 
is maintained even when the 
corneal reflex is absent (Fig. 
3,4). During complete ether 
anesthesia, therefore, gastric 
peristalsis is not abolished. In 
numerous instances, while the 
animal was completely under 
ether, the peristalsis was even 
more regular than before the 
anesthetic was given (Fig. 3, 4). 

The course just described above is the rule; but there are excep- 
tions. Ether anzsthesia sometimes retards the peristalsis and renders 
it irregular ; periods of gas- 


tric quiet are occasionally fs f \ 
interrupted by a series of \ \ 
waves of practically normal \ 
strength and duration. 
This course, however, forms 
an exception, and its char- 
acter closely approaches _ are 

‘ FiGURE 4a.— Tracing taken under normal condi 
that usually seen during tions. Note short inhibition of gastric waves 
chloroform anzsthesia. 

Chloroform. — When a rabbit is allowed to inhale chloroform, at 
first in a very dilute form so as to avoid struggles of the animal, the 
initial effect is inhibition of gastric movements, respiration not being 
necessarily affected. The inhibition lasts a variable length of time, 
in general much longer than with ether. Then a few apparently 
normal waves appear, to be succeeded again by a period of inhibi- 
tion. This play is repeated, inhibition alternating with the appear- 
ance of a few gastric waves (Figs. 4,4,¢). These gastric waves are 
not weak, but are practically normal in strength. This course may 
be considered the type for chloroform. Here, again, there are excep- 
tions to the rule. After induction of anesthesia some rabbits may 


FicurRE 3¢.— Shows inhibition of gastric 
peristalsis when ether was started. Note 
slight effect on respiration. 
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fail to show a single gastric wave perceptible to the tambour; in 
others chloroform produces irregular waves throughout the anaxs- 
thesia. In general, however, the difference between ether and chlo- 
roform in their effect upon - 

gastric peristalsis is well oad 

marked. 

The administration of 
chloroform requires more 
care than that of ether, and 
the stage of full anzsthesia 
is more difficult to judge. 
With chloroform the lid reflex in rabbits is only abolished shortly 
before onset of rapid extensive respirations, associated with a high- 
pitched crying of the animal, which marks the beginning of respira- 
tory failure.! 

The inhibitory effects of laparotomy. — It has been shown that gas- 
tric peristalsis, as a rule, is active when a rabbit is anesthetized with 

ether. If the abdomen of 
such an animal is now 


IGURE 44 Same animal. Chlorof 
administered twenty minutes 


opened in the middle line 


and the stomach inspected, 
not a sign of motion will 
be detected. The organ 
FIGURE 4¢.— Same animal Under chloroform which a few moments 
fifty minutes. before showed active power- 
ful waves lies there inert, 
no motion can be seen. Well might Johannes Miuller® say, “ Die 
peristaltischen Bewegungen des Magens habe ich nie deutlich gese- 
hen.... 
may occasionally appear. Opening the peritoneal cavity under 0.9 
per cent saline solution kept at a temperature of about 39° does not 
alter the picture; the stomach shows no movements worth men 
tioning. Stomach motility is lost as long as the peritoneal cavity 
remains open. If the abdominal wound be closed and the stomach 
area inspected after a few hours, gastric peristalsis may be observed 


” 


If the viscus is allowed to become dry, slight waves 


1 It is worth noting that under ether as well as under chloroform the bid and 
corneal reflexes do not disappear at the same time; the corneal reflex seems the 
more sensitive and fails, while the lid reflex may still be active 

2 MULLER: Handbuch der Physiologie des Menschen, dritte Auflage, 1538, 


i, D. 499. 
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again. Mere opening of the abdomen, therefore, exerts a profound 
inhibitory effect of long duration upon the stomach. 

It is obvious from the foregoing that any method which demands 
opening of the peritoneal cavity for the study of stomach motility is 
incapable, at least in the rabbit, of throwing light upon the normal 
physiological behavior of the stomach. 

Most investigators do not seem aware of the profound inhibition 
which exposure of the abdominal viscera produces. As far as | 
know Pal! is the only author who has called attention to the inhibi- 
tion which abdominal section produces. But while he clearly and 
sharply notes the strong inhibitory effect of this operation upon the 
small and large intestines, only scanty attention is paid to the stomach. 

“It must be pointed out that Pal’s method of experimentation did 
not entirely justify his conclusions, at least as far as the stomach is 
concerned. He experimented upon curarized animals, and observed 
the motility of the gastro-intestinal canal during cessation of artificial 
respiration. The cessation of artificial respiration is not an indiffer- 
ent factor, as can be seen from the following observations made in 
the present investigation. In a rabbit fully curarized by intravenous 
injections of curarine, and kept alive by artificial respiration, the 
stomach shows excellent and regular peristalsis. But if artificial 
respiration be stopped, stomach peristalsis ‘ceases at once, or within 
a few seconds. If artificial respiration be resumed in one to two 
minutes, gastric peristalsis will not set in until about two to four 
minutes have elapsed. This shows that interruption of artificial 
respiration in curarized rabbits stops gastric peristalsis. The stop- 
page of the peristalsis in Pal’s experiments, at least as far as the 
stomach is concerned, could therefore have been due as much to 
the cessation of the artificial respiration as to the opening of the 
abdomen. 


SUMMARY. 


1. Gastric peristalsis may be observed in a well-fed rabbit without 
any operative interference whatsoever, by mere inspection of the 
epigastrium. 

2. These movements are easily registered by placing a tambour 


! PAL, J.: STRICKER’s Arbeiten aus dem Institut fiir experimentelle Pathologie 
der Wiener Universitat, 1890, p. 31. 
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over the stomach area to be studied and connecting it with a writing 
tambour. 

3. There is a striking difference between the effects of ether 
and chloroform upon gastric peristalsis; ether does not, as a rule, 
abolish gastric peristalsis, chloroform considerably reduces the 
stomach motility. 

4. Opening the peritoneal cavity inhibits stomach peristalsis com- 
pletely. This remarkable inhibition remains in force as long as the 
abdominal cavity is open; closure of the cavity is followed in a few 
hours by a return of gastric peristalsis. 

5. Fasting reduces or completely abolishes stomach peristalsis. 

6. Distention of the fasting stomach with air or water causes active 
peristalsis. 

7. Curarization does not affect gastric peristalsis as long as arti- 
ficial respiration is maintained. Stoppage of lung ventilation causes 
almost immediate cessation of stomach movements. 

8. Temporary inhibition of gastric motility is produced easily by a 
variety of causes: handling of the animal, fright, struggles, irritating 
odors. Ether and chloroform vapors inhibit the stomach movements 
without causing respiratory stoppage. 

9. Pyloric sounds in the rabbit are apparently produced by the ex- 
pulsion of liquid material into the gas-containing duodenum; these 
sounds occur at irregular intervals, and when peristalsis is well 
established. 

10. The rabbit’s stomach shows a well-defined preantrum and 
preantral sphincter. 


Itis with great pleasure that I acknowledge the invaluable help and 
stimulating counsel of Dr. S. J. Meltzer during this investigation, 


THE ANALYSIS OF URINE IN A STARVING WOMAN:! 


By FRANCIS G. BENEDICT anp A. R. DIEFENDORF. 


[From the Chemical Laboratory of Wesleyan University.] 


ECENT contributions to the physiology of inanition, especially 
on professional fasters, have included the more exact study of 
the transformations of matter as measured by the urinary constitu- 
ents. While the earlier literature furnishes a number of instances of 
observations on starving women, the number of recorded observations 
made with modern methods is small, and this paper presents the 
record of the urinary examinations of a woman patient in the Con- 
necticut Hospital for the Insaneat Middletown. This patient, who 
was otherwise organically sound, voluntarily refused food for six days. 
During this period feces were passed, and the report of their exami- 
nation is likewise here included. 

The earliest record of the examination of the urine of a fasting 
woman with which we are familiar is that of Schultzen,? who reports 
a case of cesophagus stenosis in a nineteen-year-old girl, as a result 
of poisoning with sulphuric acid. In 330 c.c. of urine excreted two 
days before death, there were 6 gm. of urea corresponding to 2.794 gm. 
of nitrogen. 

Since the patient was in a delirium and voided the urine irregularly, 
an exact study could not be made. 

The earliest accurate observations on a starving woman are those 
made by Seegen,’ who reported a case of partial inanition in a twenty- 
four-year-old girl with a constriction of the cesophagus, which was diag- 
nosed as carcinoma ventriculi. From the roth of July until the 21st 
the patient took only 35 gm. of fresh cow’s milk per day. This cor- 


1 The expense of this investigation was borne by the Carnegie Institution of 
Washington. 
? SCHULTZEN: Archiv fir Anatomie und Physiologie, 1863, p. 31. 
8 SEEGEN J.: Sitzungsberichte mathematisch-naturwissenschaftlichen Classe, 
4871, Ixiii, Abth. II, pp. 429-438. 
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responds to the ingestion of about .29 gm. of nitrogen per day. Under 
these conditions the patient passed 2230 c.c. of urine in the twelve 
days, or 185 c.c. per day. The daily quantities ranged from 125 t 
240 c.c. The amount of urea ranged from 6.1 to 11.9 gm., wit! 
average of 8.9 gm., corresponding to 4.51 gm. of nitrogen. 
patient remained most of the time in bed, and the pulse varied 
from 72 to 8o. 

Tuczek! describes two cases of fasting in insane women. One of 
the patients, who was previously very well nourished, and weighed 65 
kgm., eliminated on the last eight days of a twenty-two-day fast an 
average of 4.26 gm. of nitrogen per day. The second patient, who 
weighed 55 kgm., excreted, on almost complete inanition, an average 
of 4.28 gm. of nitrogen per day for sixteen days. The nitrogen was 
determined as urea by precipitation with mercury salts, making 
due allowance for the chlorides present. 

Tuczek discusses in considerable detail the influence of mental dis- 
orders on metabolism, but his conclusions are not supported by the 
more recent opinions of Folin, who was unable to find any positive 
‘alteration in general metabolism that could be ascribed to mental 
disturbance. 

Senator”? described a case of fasting in an insane patient who 
weighed 50 kgm. During four fasting days there was an average 
excretion of 12.14 gm. of urea, equal to 5.65 gm. of nitrogen per day. 
On a later fast day the same patient excreted 3.78 gm. of nitrogen. 

Mueller * reported a case of cesophagus stenosis, caused by drinking 
lye, in a nineteen-year-old girl. The amounts of urine passed on four 
successive days were 150, 170, 140, and 130 c.c. respectively. The 
corresponding specific gravities were 1.026, 1.030, 1.025, and 1.029. 
The amounts of nitrogen) were 4.92, 4.15, 3.25, and 3.01 gm., respec- 
tively. The feces for the four days of fasting, which were separated 
only with great difficulty, weighed in a dry form 17.4 gm. The four 
days during which observations were made corresponded to the fifth 
tothe eighth days of complete inanition. The body weight was un- 
usually low, 34.5-33.0 kilos. 

Schaefer * reports seven cases of fasting insane women, in which 


1 Tuczek: Archiv fiir Psychiatrie und Nervenkrankheiten, 1584, xv. pp. 784- 
799: 

2 SENATOR: Charité Annalen, 1887, xii, p. 325. 

§ MUELLER: Zeitschrift fur klinische Medizin, 1859, xvi, pp. 496-549. 

* SCHAEFER: Allgemeine Zeitschrift fiir Psychiatrie, 1897, lili, pp. 52 
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four took no water. The nitrogen was determined in the twenty- 
four-hour urine by the Kjeldahl method. Of the seven cases water 
was taken in small amounts by cases I1,2,5. No water was taken by 
the other four cases. ‘The results are given in Table I. 


TABLE I 


SUMMARY OF RESULTS OBTAINED BY SCHAEFER ON SEVEN FASTING INSANE Wom: 


Nitrogen per 
Case. | Day of fast. Volume. Nitrogen. Body weight. |_ kilo. of body 
weight 


gm 
0.0903 
0.0986 
0.0692 
0.1213 
0.0940 
0.2202 
6.9110 37.8 0.1825 
6.0590 35. 0.1586 
6.2814 2 0.1735 
7.8123 3 0.2164 
6.0239 0.1301 


4.0747 33 0.1234 


The observations of Van Hoogenhuyze and Verploegh! on the 
professional fasting woman, Flora Tosca, included the determinations 
not only of the total nitrogen (Kjeldahl), but also of the creatinine. 
The creatinine determinations were made by the Folin? method, and 
hence are of unusual interest. On the day before the fast began the 
nitrogen excretion was 13.99 gm. The nitrogen excretion on the 
succeeding days of the fast were 8.76, 8.38, 10.73, 9.40, 7.87, 7.73, 
6.11, 6.70, 7.35, 6.80, 6.14, 6.97, 5.62, 4.08, and 4.38 gm., respectively. 
The creatinine excretion on the last day with food was 1.087 gm. On 
the fasting days it was 0.904, 0.577, 0.581, 0.634, 0.663, 0.590, 0.469, 


1 VAN HOOGENHUYZE and VERPLOEGH : Zeitschrift fiir physiologische Chemie, 


1905, xlvi, pp. 468-471. 
3 Foun: Zeitschrift fiir physiologische Chemie, 1904, xli, p. 223. 


4 410.0 
5 450.0 
( 5 220.0 
2 6 470.0 
7 380.0 
5 550.0 
3 | 
6 405.0 
4 265.0 
4 | 
{ 6 260.0 
5 4 465.0 
6 5-6 262.5 
7 2-5 1625 


The Amalysis of Urine in a Starving Woman. 365 


0.689, 0.715, 0.602, 0.453, 0.566, 0.548, 0.426, and 0.715 gm., respec- 
tively. On the first day after food was taken it again rose to 1.028 gm. 

Mohr? and his collaborators have recently reported a fifteen-day 
fast of a professional fasting woman (Schenk). The fluctuations in 
body weight were accurately recorded, and the total nitrogen in the 
urine. No observations on the creatinine elimination during this fast 
have thus far been reported. 

The body weight fell from 54.4 kilos to 48.2 kilos. The nitroge- 
nous output in the urine, as determined by the Kjeldahl method, was 
8.408; 6.592; 7-789; 7.856; 7.815; 7.128; 6.1.95; (5.400); 4.384; 
5-166; (5.784); (8.124); 5-958; 5.040, and 4.060 gm. on the suc- 
ceeding days of the fast. The values in parentheses represent days 
on which amino-acids were ingested. 


EXPERIMENT WITH S. H. 


In connection with a lengthy series of experiments on fasting men 
which were made in this laboratory, the apparently anomalous obser- 
vations noted in several cases lead to the belief that data should be 
accumulated regarding the influence of inanition on the metabolism 
of women. Accordingly, when the following case presented itself in 
the clinic of one of us (A. R. D.), arrangements were made to con- 
duct the experiment in such a manner as to secure positive evidence 
as to the authenticity of the fast, and the collection of the total 
amounts of urine and feces. A nurse was detailed to watch the 
patient carefully. Unfortunately a study of the respiratory exchange 
of this subject was impossible. 

Subject. —In accord with fixed religious delusions, the subject, 
S. H., thirty-six years of age, fasted three weeks, taking only cold 
water. From this time she abstained absolutely from eating meat in 
any form, including soups. Her diet consisted of one slice of bread, 
a cup of tea, one potato, or an equal quantity of some other vegetable, 
and one-half glass of milk three times daily. She remained on this 
diet for twenty-four months. Her weight, which was 76.2 kilos at the 
beginning of this period, varied considerably, at one time reaching as 
high as 96.6 kilos. At the end of the period it was 88.5 kilos. Att 
time, March, 1905, the patient, in accord with similar delusions, began 


his 


to restrict her diet to one and one-half pints of milk per day, and did 


1 Mour: Zeitschrift fur experimentelle Pathologie und Therapie, 1906 
pp. 638-645, 675-687, and 687-691. 
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not drink water. This diet continued for eight and one-half months, 
and her weight dropped from 88.5 kilos to 49.9 kilos.!. The weights 
were taken on the first of each month, and were as follows: 


March 1, 88.5 kilos. September 1, 55-4 kilos. 
April 1,762 “ October 52.0. “ 


5 
June 1,66.2 “ November 1, 51.3 
July 1,635 “ November 20, 49-9 


August 1, 58.5 “ 
During all of this period, as was her custom, the patient was of 
sedentary habits, sewing continuously for about ten hours daily. 
~On November 22, at 5 p.M., the patient began a fast, and during 
the succeeding three days took no water or food of any kind. Thus 
the fast was complete. The body weights for the succeeding days 


were 
November 24, 48.2 kilos. November 28, 47.2 kilos. 


November 27, 47.4 “ December 1,459 “ 


The weight taken thirty-nine hours after the fast was begun 
shows that she had lost 1.7 kilos since the last time of weighing 
(November 20). 

This fast without water or food lasted one hundred and ten hours. 
During the last seventy-one hours of this one hundred and ten hours 
fast without food and water, she lost 0.9 kilo. During the next twenty- 
four hours the patient took water freely (fourteen glasses, equivalent 
to about 3900 c.c.). Although no food was taken, the subject drank 
on the two subsequent days three glasses (840 c.c.) of water per day. 
From the one hundred and tenth to the one hundred and thirty-fourth 
hour of the fast she lost in weight 0.11 kilo. The fast ended at 10 A. M. 
November 29, after a duration of one hundred and sixty-one hours. 
The next weight was not taken, because the patient was confined in 
bed until December 1, forty-eight hours after end of fast, when it was 
found that she had lost 1.25 kilos. At the termination of the fast, 
the patient sipped ten ounces of milk, and thirty minutes later 
another ten ounces of milk, fifteen minutes later she became pro- 
foundly nauseated. The nausea continued throughout the day and 


1 At the time this experiment was made no measurements were recorded of 
this subject’s height and her various girths. In a subsequent experiment (see the 
following paper, p. 383) with a body weight of 61.2 kilos the subject measured 
around the shoulders 1.06 metres, around the waist 0.81 metres, and around the 
hips 1.07 metres. Her height is 1.65 metres. 
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evening. At 11.30 A.M. there was a movement of the bowels, at 
which time she nearly fainted. At 1 p.m. she sipped another ten 
ounces of milk, and again at 4 P.M. another ten ounces. Meanwhile 
the patient was on her feet and walking most of the time. At 6 P.M. 
she sipped twenty ounces of milk; thirty minutes later she vomited 
fifteen ounces of curdled milk. At 8.30 p.m. she vomited a huge 
quantity of milk and fluid, aggregating two quarts. At 3 A.M. the 
next morning she arose from bed to urinate, and then fainted. T! 
specimen was lost (probably about 150 c.c.). During this day, 
November 30, the patient took no food, but drank twenty ounces of 
water. The following day the patient began again to drink three 
pints of milk daily. 

Methods of analysis.— The total nitrogen was determined by the 
Kjeldahl method. The creatinine was determined by the Folin! 
method. 

The heat of combustion was determined by drying 15 c.c. of fresh 
‘ urine, to which 0.05 gm. of pure salicylic acid had been added, in a 
vacuum desiccator. The dried mass was then transferred to a nickel 
capsule, and dried a second time, until in condition to burn. It was 
then burned in the calorimetric bomb? with compressed oxygen. In 
the computation of the results allowance was made for the salicylic 
acid used. 


URINE. 


For five days before the fast began, the urine was collected, the 
bladder being emptied each morning at 7 A.M. This patient was 
unusually intelligent, entered into the spirit of the investigation 
thoroughly, and we have every reason to believe that the sepa- 
ration at 7 A.M. in the morning was as accurate as could be made 
with a normal individual. After the collection of the twenty- 
four-hour urine a preservative was added, usually chloroform, and 
then the sample submitted to an analysis. The samples were all 
given precisely the sametreatment. This procedure was emphasized, 
since, if there was a change of creatinine to creatine by reason of the 
somewhat delayed analyses, it would affect all days alike. The 


1 Foun: Loc. cit. 
2 The Berthelot-Atwater bomb calorimeter was used in all of these determina 
tions. For description of this instrument, see ATWATER and SNELL: Journal of 


the American Chemical Society, 1903, xxv, p. 693. 
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determinations were usually made within forty-eight hours of the 
collection of the urine. 

The results for the analyses of urine are given in detail in the table. 
As the table shows, the results are given for five days before the 
fast began and ten days after the fast ended. Unfortunately the 
nitrogen of the income was not determined during these days accu- 
rately, neither were the feces collected; hence no nitrogen balance 
can be obtained. 

Volume.— Aside from the volume of urine during the fasting 
periods, the quantities voided by this patient presented no unusual 
feature. On the other hand, for the three days of fasting when water 
was not taken, November 23, 24, and 25, the volume of urine was ex- 
ceedingly low. The lowest amount, 237 c.c., is remarkable when the 
body weight of this subject is taken into consideration. It is further- 
more to be noted that this low volume occurred on the first rather 
than the later days of the fast. 

The marked increase in the volume of urine accompanying the in- 
gestion of large amounts of water on the fourth day of the fast is of 
unusual interest. On this day the subject drank approximately 3900 
c.c. of water, and the urine volume increased from 404 to 2100 c.c. 

Specific gravity. — The specific gravities of the urine obtained during 
the first three days of fasting, z.¢., when no water was consumed, are 
remarkably high, 1.035, 1.035, and 1.030, respectively. The specific 
gravity of 1.035 is higher than any thus far reported for fasting 
women. 

The high specific gravity observed on the first two days of complete 
fast are to be expected from the low volume of urine passed during 
these days. 

Total nitrogen. —In the earlier literature the main index to pro- 
tein katabolism was the determination of urea, which, as is well 
known, was almost invariably made by faulty methods, and therefore 
represents neither the true proportion of urea nor the measure of the 
true protein katabolism. The Kjeldahl method of determination 
gives results, indicating the total nitrogen in the urine, and conse- 
quently it furnishes a much more accurate index of protein katab- 
olism, but even this has recently been improved upon by Folin, who 
has elaborated methods for the partition of the nitrogen, and has thus 
given more definite clues to the nature of the different forms of 
protein katabolized. In this experiment it was only possible to de- 
termine the total nitrogen and one of the nitrogenous urinary 
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constituents, 2. ¢., creatinine. The per cent of nitrogen and the total 
excreted per day are recorded in the table. Of especial significance is 
the total quantity excreted. Fortunately during the six days of the 
fast no known accidents interfered with the collection and analysis 
of the complete day’s urine. On the first day after the fast, there 
was a loss of urine, as has been stated previously. The nitrogenous 
output during the first four days of fasting steadily increased from 
4-19 to 6.93 gm. There is, then, a subsequent marked decrease on 
the last two days, and on the last day of fasting the total nitrogenous 
output was but 4.14 gm. This increase in the nitrogenous output 
for the first three or four days of fasting has been very commonly 
observed. Thus, with Flora Tosca,’ on the first three days without 
food, there were 8.76, 8.38, and 10.73 gm. of nitrogen excreted, 
respectively. Contrary to the experience observed with fasting men 
and with the fasting woman, Tosca, in the case of (Schenk) the 
subject of Brugsch and Hirsch,’ the nitrogenous output for the sec- 
ond, third, and fourth day of fasting were 8.41, 6.59, and 7.78 gm. 
respectively. In other words, the largest excretion occurs on the 
second day of fasting. As has frequently been pointed out, the 
nitrogenous intake the day before the fast began may affect notice- 
ably the nitrogenous output of the first day, but it is hardly probable 
that the nitrogenous output for the second day should be affected by 
the food prior to the fast, and this experiment obviously presents a 
somewhat different picture from the others. 

The increase in the nitrogenous output in the first three days of 
fasting with the subject of the experiments here reported is, however, 
wholly in accord with the studies on the fasting men made in this 
laboratory and published elsewhere.® In those experiments it was 
possible to determine the glycogen katabolized, and by these deter- 
minations the hypothesis of Prausnitz * that the glycogen protects the 
nitrogenous material from disintegration was wholly substantiated. 
It would appear that also with the fasting woman, S. H., in all proba- 
bility there is a larger katabolism of glycogen on the first two or 
three days of the fast which temporarily checks the disintegration of 
nitrogenous material. 


1 Reported by VAN HOOGENHUYZE and VERPLOEGH, Zoc. cit. 

BruGscH and Hirscu: Zeitschrift fiir experimentelle Pathologie und 
Therapie, 1906, iii, p. 639. 

8 Carnegie Institution of Washington, Publication No. 77, 1907. 

* PRAUSNITZz: Zeitschrift fiir Biologie, 1892, xliii, p. 638. 


| 
! 


The Analysis of Urine in a Starving Woman. 371 


At this period the body weight of the subject was about 47.5 kilos, 
and the nitrogenous excretion corresponds to the average proteid 
disintegration on the five days of 34 gm., or, on the basis of per kilo 
of body weight, there was katabolized during this fast on an average 
about 0.72 gm. of protein. Of especial interest in this discussion is 
the fact that when there is a marked diuresis caused by the ingestion 
of a large quantity of water, the volume increased from 404 c.c. on 
the third day of the fast to 2100 c.c. on the fourth. This was accom 
panied by a slight increase in the nitrogenous excretion amounting 
to 0.55 gm. . The discussions regarding the effect of large quantities 
of water on the elimination of nitrogen have resulted in the assump- 
tion that there may be either a washing out of preformed nitrogenous 
end products of protein katabolism, or there may actually be an in- 
crease in metabolic activity by virtue of the large quantity of water 
passing through the glands. From the slight increase in the output 
of nitrogen, but little evidence is here secured to substantiate either 
hypothesis. On the 29th of November the nitrogenous output was 
but 3.04 gm., but, as has been before stated, there was a joss of urine 
on this day of probably not less than 150 c.c. The remarkably low 
nitrogenous output on the first of December, 27. ¢., 3.17 gm., is, how 
ever, the total output of twenty-four hours since no urine was lost, 
On the day preceding no food had been taken, and on this day, De- 
cember 1, the subject consumed a large amount of milk, a portion of 
which was vomited. It is entirely conceivable, however, that a not 
inconsiderable portion of the milk was digested and absorbed, and 
hence this low nitrogenous output would indicate a marked storage 
of nitrogen on this day. This, again, is wholly in accord with the 
studies on fasting subjects, in which a study of the effect of the 
subsequent ingestion of food on the nitrogen output was made. It 
is interesting to note that five days after the fast ends the subject 
excretes approximately the same amount of nitrogen as before the 
fast began, namely, 6.8 gm. 

Creatine and creatinine. — Evidence regarding the creatinine ex- 
cretion of women is extremely meagre, and hence determinations of 
the creatinine in the urine of this patient were made. We are in- 
debted to Miss Charlotte R. Manning for making these determina- 
tions. By means of the Folin method it was possible to determine 
the preformed creatinine and the creatine. The preformed creatinine 
was determined on the fresh urine by heating with hydrochloric acid 
before producing the Jaffi reaction, and a subsequent determination 
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was made in which a sample was used without heating with acid. 
The difference between the total and the preformed creatinine gave 
the preformed creatine expressed in terms of creatinine. The total 
creatinine excretion observed in this patient is as constant as is 
usually found. The amount excreted was relatively low, averaging 
0.60 gm. of total creatinine and 0.55 preformed creatinine. In averag- 
ing the results for November 29 were omitted, since urine was un- 
avoidably lost on this day. The body weight during the whole 
experimental period, November 19 - December 9, was not far from 50 
kilos, the excretion of creatinine per kilo of body weight, or so-called 
creatinine coefficient, was not far from 11. 

The most noticeable feature of the creatine observations was the 
marked increase in the preformed creatine excreted during the fast. 
On one day, November 27, there was as much as 0.16 gm. of preformed 
creatine (expressed as creatinine) in the urine. On the resumption 
of the food, namely, on the rst of December, the preformed creatine 
practically disappeared. It is, however, to be noted that on Novem- 
ber 29, when the subject took a large quantity of milk, and although 
vomiting much, must have retained some, the preformed creatine ex- 
cretion was still relatively high, 0.15. This appearance of creatine in 
the urine is wholly in accord with observations made on fasting men 
in this laboratory. They have also been verified by observations 
made on a fasting man in the laboratory of Dr. Folin at Waverley, 
Massachusetts. 

As pointed out in a discussion of the creatine determinations on 
fasting men,! the creatine excretion during fasting appears to be the 
result of the disintegration of flesh, and the hypothesis was there 
advanced that as the flesh was katabolized or broken down, the crea- 
tine which existed in the flesh as such was excreted by the body as 
such and not converted to creatinine. According to this hypothesis, 
therefore, the creatine and creatinine of the urine have two entirely 
distinct origins. 

Energy. — In all fasting experiments previously made in this labora- 
tory, a part of the routine has been to determine the heat of combus- 
tion of urine, and this determination was likewise made on the urines 
in this experiment. Unfortunately it was not possible to determine 
the carbon owing to pressure of other work. The heat of combus- 
tion of the urine, expressed in terms of small calories, is recorded 
in column ¢ of Table II. The total potential energy excreted in the 


1 Carnegie Institution of Washington, Publication No. 77, 1907. 
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urine for each day, expressed in large calories, is recorded in column 
f of the same table. The quantity of energy thus excreted for this 
fasting woman is very much less, on the whole, than that excreted by 
fasting men. As an average of a large number of experiments, the 
total energy excreted in the urine of fasting men was 88, 115, 120 
121, 120, 146, and 139 calories on the first to the seventh day of fast- 
ing, respectively. Only on the third, fourth, and fifth fasting days 
of the experiment with S. H. does the energy reach the lowest aver- 
age observed with fasting man. The small amount of energy thus 
excreted corresponds with the much smaller general output of urinary 
constituents, based in large part, probably, upon the fact that this 
woman was of much smaller body weight than the subjects of the 
fasting experiments with men reported previously. 

Ratio of energy to nitrogen. — While unfortunately the carbon could 
not be determined, the ratio of energy to nitrogen is readily com- 
puted. With ordinary diet it has been found that as a result of a 
large number of experiments for every gram of nitrogen in the urine 
there are not far from 8 to g calories of energy.' In the fasting 
experiments above referred to, the ratio of energy to nitrogen on the 
first days of fasting showed that for every gram of nitrogen there was 
not far from 8 to g calories of energy. In the experiments with this 
subject, it is seen that the ratio of energy to nitrogen expressed in 
column g is in no wise abnormal on the days before the fast. There 
is, however, a striking increase in this ratio which reaches a maxi- 
mum on the first day after the fast, namely, 19.75. On December 1 
the ratio again returns to its usual value, and remains not materially 
different during the remainder of the study. This marked increase 
in the ratio of energy to nitrogen has been the subject of considerable 
discussion in the report of the study with fasting men. In that 
report the carbon of the urine was likewise determined, and it was 
possible to compare the ratio of energy to nitrogen and also that of 
nitrogen to carbon and carbon to energy. As a result of these ratios, 
it seemed highly probable that there was in the urine some constitu- 
ent of non-nitrogenous or low nitrogenous nature which yielded energy 
Sugar and albumen were proved absent. Although not strictly dem- 
onstrated, the explanation of the high ratio may well be based upon 
the assumption of an acidosis. The acidosis as measured by the 
calorie-nitrogen ratio disappears on the conclusion of the fast. In 


1 ATWATER and Benepict: Bulletin 136, U. S. Dept. of Agriculture, Office 
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the fasting experiments with men the calorie-nitrogen ratio did not 
in all experiments increase. Even in several experiments in whi 

the fast lasted three days and over, there was no material disturbance 
of this ratio, but in one experiment of seven days and one of four 
days the ratio actually increased, until it became 1 : 14.87, the high 
est ratio observed during the series of experiments on men. ‘The 
ratios observed with this fasting woman are indeed very considerabl) 
higher, and we know of no ratios thus far reported which approxi 
mate these high ratios. Unfortunately no tests were made for 
8-oxybutyric acid and similar organic acids, although in the fasting 


experiment with Succi, reported by Brugsch,! a marked acidosis was 
observed, and in the more recent experiments on a fasting woman 


réported by Bonniger and Mohr,’? a marked acidosis was recorded, 
the total amount of 8-oxybutyric acid at times amounting to from 1 
to 25 gm. per day. 

When it is considered that the body during fasting is living upon 
essentially a protein-fat diet, and that, as has been experimentally 
demonstrated, an acidosis is frequently observed on such diets, the 
assumption that we are here dealing with a true acidosis is not 
improbable. 

Loewy,’ in making observations upon metabolism at high altitudes, 
determined, among other factors, the calorie-nitrogen ratio in the 
urine, but, finding this somewhat larger than is common, he was able 
to separate varying amounts of amino-acids. In discussing the ques- 
tion, Loewy points out the fact that lactic acid has also appeared in 
the urine. 

It is much to be regretted that in the experiment with S. H. the 
direct determinations of the organic acids were not made, but the 
calorie-nitrogen ratio points strongly to the assumption that there was 
a marked acidosis on the later days of the fast. This is wholly in 
accord with the observations in at least two of the longer studies 
during inanition made in this laboratory with men. 

Feces. — The great difficulty in properly separating the feces during 
fasts with men has been experienced by most investigators. It was 
impracticable in this experiment to administer any coloring material 


1 BruGscu: Zeitschrift fir experimentelle Pathologie und Therapie, 1905, 
i, p. 419. 

2 Monur: Zeitschrift fiir experimentelle Pathologie und Therapie, 1906, iii, 
p- 675. 

* Loewy: Deutsche medicinische Wochenschrift, 1905, p. 1919. 
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for separating the feces, and hence it was possible to examine only 


the feces which were passed during the actual fasting period. Durin 


‘ 


this period, and including the movement one and one-half hours after 
'y 
contrary to all experience with fasting subjects. The total mass in 


taking food, the patient had four bowel movements. This is direct 


the fresh condition weighed 265.1 gm. A macroscopic examination 
showed several hard pillular lumps, mixed with a large amount of 
soft, watery material. A specimen was examined microscopically, 
and found to contain large amounts of yellowish brown, bile-stained 
crystalline material. 

Most of the crystals disappeared upon the addition of glacial acetic 
acid. There was also present a large number of columnar epithelial 
cells. Nostarch granules or other food residues were identified. No 
fatty acid crystals were observed. In addition to the above there 
were some small colorless crystals which were undisturbed by glacial 
acetic acid. The air-dried material weighed 15.26 gm. 

In the air-dry material there was 2.07 per cent of nitrogen; 37.04 
per cent of ash; 18.05 per cent of crude ether extract (neutral fat 
free fatty acids) and 38.0 per cent of total fatty acids obtained by 
extracting the feces after drying with alcohol and hydrochloric acid 
to break up the soaps. The heat of combustion was 4.736 calories 
per gm. of air-dry material. The per cent of nitrogen is scarcely one 
half that found in ordinary feces. 

The per cent of ash was unusually large, nearly twice that com- 
monly found in feces, and much larger than with any sample of feces 
which we have ever examined in this laboratory. Furthermore, no- 
where in the literature have we been able to find a sample of feces 
with such a large proportion of ash. On the assumption that air- 
dried feces contains not far from 5 to 7 per cent of water, it will be 
seen that on the water-free material there would be not far from 40 
per cent of ash. 

The large amount of fatty acids when compared to the amount of 
crude ether extract shows that there must have been a very consider- 
able excretion of soap. While unfortunately no determinations were 
made of calcium, it is highly probable that this element was combined 
and excreted with the fatty acids in the form of calcium soaps. On 
this assumption the high ash content may partly be accounted for by 
the fact that the ignition of the calcium soaps would result in a rela- 
tively large residue of calcium carbonate, which would not be con 
verted to the oxide at the low temperature of incineration at which 
these ash determinations are commonly made. 
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While the feces cannot be strictly designated as fasting feces, they 
are of interest as having 2 composition closely analogous to one of 
those of the fasting men who took small quantities of food after fas: 
ing, and the feces were characterized by a very large quantity of ash 
accompanied by a large excretion of fatty acids. 


SUMMARY. 


The results of this investigation may be summarized as follows: 

1. The volume of urine of a fasting woman (without water) may be 
as low as 237 c.c. in twenty-four hours. 

2. The specific gravity of two twenty-four-hour amounts of the urine 
during fasting (without water) was observed to be as high as 1.035. 

3. The nitrogen output during fasting increased for the first three 
days and then decreased. On one day, at the conclusion of the fast, 
the subject excreted but 3.17 gm. of nitrogen. 

4. The total potential energy of the urine was much less than that 
commonly observed in fasting men, and on but one day did the energy 
excreted reach 100 calories. 

5. The ratio of energy to nitrogen during the fast increased rapidly 
as the fast progressed. On all fasting days it was unusually high 
(on one day 1: 19.75), thus indicating an acidosis, although a veri- 
fication of this hypothesis was not made by determining the organic 
acids. 

6. The preformed creatinine excretion of this subject was low, the 
creatinine excretion per kilogram of body weight being but 11 mgm. 

7. The preformed creatine in the urine increased markedly with 
fasting, and practically disappeared on the conclusion of the fast. 

8. A chemical examination of the feces which were not sharply 
separated, and therefore not, strictly speaking, fasting feces, showed 
an abnormally high content of ash and fatty acids, thus indicating 
the excretion of a large amount of soap. These observations were in 
accord with the microscopical examination. 


THE ELIMINATION OF CREATININE IN WOMEN! 


By FRANCIS GANO BENEDICT anp VICTOR CAR' 


[From the Chemical Laboratory of Wesleyan Universits 


HE significance of the creatinine elimination as a factor in 
metabolism has received unusual attention in the past two or 
three years, due to the researches of Folin,* who not only has devised 
a simple colorimetric method for the exact determination of creat 
nine, but has viewed the creatinine output from the standpoint of a 
new theory of protein metabolism. Folin,? Van Hoogenhuyze and 
Verploegh,*? Closson,’ Klercker,®? Koch,® and Shaffer’ have reported 
results, giving the creatinine elimination of a large number of 
individuals. 
Of the results thus far reported but few are on women. In report- 
ing the results of some metabolism studies with special reference to 
mental disorders, Folin® with his collaborators, Shaffer and Hill, 


1 The expenses of this investigation were shared by the Carnegie Instit 


of Washington and the Connecticut Hospital for the Insane at M 
Connecticut. The study was made possible through the hearty « 
Drs. W. E. Fisuer, A. B. Co_nurn, and L. F. LAPIERRE Througho 
vestigation we enjoyed the counsel of Dr. A. R. DIEFENDO! 
Laboratory of the Connecticut Hospital for the Insane, 1 
work incidental to this investigation was completed. 
2 FoLin: This journal, 1905, xiii, pp. 46-138: Zei 
Chemie, 1904, xli, p. 223; American journal of insanity, 1904, Ix, p. 
Pp. 299. 
§ VAN HOOGENHUYZE and VERPLOEGH: Zeitschrift fur physio! 
1905, xlvi, p. 415. 
* CLosson: This journal, 1906, xvi, p. 252. 
KLERCKER: HOFMEISTER’S Beitrage zur chemischen Physi 
P- 59 
® Kocu: This journal, 1905, xv, p. 15. 
7 SHAFFER: In a private communication. 
Foun: Loc. cit. 
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gives the creatinine output of seven women patients in the McLean 
Hospital for the Insane at Waverley, Massachusetts. 


5, 0.600, 0.646, 0.598, 0.615, 0.568 


Mrs. A. W. excreted 0.644, 0.653, 0.525 
and 0.612 gm. of creatinine on « 


0.561, 0.674, 0.688, 0.540, 0.617, 
secutive days, an average for the fourteen days of 0.614 gm. 

. R., with a body weight of 40.86 kilos, excreted on five consecutive day 
0 66, 0.54, 0.54, 0-57, and 0.62 gm. of creatinine, an average of 0.55¢ 
gm. per day, or 14.3 mgm. of creatinine per kilo of body weight. 

. G. W. P., with a body weight of 63.78 kilos, excreted on four consecu- 
tive days 0.94, 0.79, 0.90, and 0.73 gm. of creatinine, of an average of 
0.84 gm. per day, or 13.3 mgm. of creatinine per kilo of body weight. 


. W.S. H., with a body weight of 52.8 kilos, excreted on four consecutive 

days 0.912, 1.07, 0.921, and 0.874 gm. of creatinine, or an average of 
0.940 gm. of creatinine per day, or 17.7 mgm. of creatinine per kilo of 
body weight. 

Miss F., with a body weight of 50.83 kilos, in one experiment lost in five con 
secutive days 1.103, 1.06, 1.16, 1.07, 1.313 gm., or an average of 1.104 
gm. of creatinine per day, or 21.7 mgm. per kilo of body weight. 

Mrs. E. M., with a body weight of 80.3 kilos, excreted on four consecutive 


or 


5; 0-733, 0-77, and 0.74 gm. of creatinine, or an aver- 


days o. 
age of 0.7: . per day, or 9.4 mgm. of creatinine per kilo of body 


weight. 
Miss E. B. excreted 0.853 and 0.863 gm. of creatinine on two days 


respectively. 


Van Hoogenhuyze and Verploegh! reported the creatinine elimi- 
nation of a fasting girl, Flora Tosca. The amounts excreted for the 
fourteen days of the fast were 0.904, 0.577, 0.581, 0.634, 0.603, 
0.599, 0.499, 0.689, 0.715, 0.602, 0.453, 0.566, 0.548, 0.426 gm. 
respectively. Unfortunately the body weight is not given. 

Shaffer,” in experiments on a woman witha biliary fistula, observed 
an average excretion of 0.72,0.59, and 0.89 gm. of creatinine in three 
series of experiments. While the body weight remained essentially 
55 kilos, there were marked changes in the creatinine excretion per 
kilo of body weight. 

Aside from the above observations, no other records ‘of the creati- 
nine elimination by women have, as far as we are aware, been pub- 
lished. Folin has already pointed out that the creatinine elimination 
seems to depend in a large measure upon the body weight of the 


1 Van HOOGENHUYZE and VERPLOEGH: Loc. cit., p. 470. 
2 SHAFFER: This journal, 1906, xvii, p. 362. 
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subject, although individuals of the same body weight may show va- 
riations according to the amount of adipose tissue. Hence there 
pears to be a more or less direct relationship between the creatinine 
elimination and the active mass of protoplasmic tissue. Numerous 
observations show that moderately corpulent men eliminate per 
twenty-four hours about 20 mgm. per kilo of body weight, while lean 
men yield about 25 mgm. per kilo. Shaffer,’ in a recent paper 
before the American Physiological Society, has studied more in 
detail the limits of the normal creatinine elimination per kilo of body 
weight, and designates this ratio as the ‘creatinine coefficient 
These limits vary from 18 to 30 mgm. per kilo. 

Shaffer has also emphasized the importance of the varying degrees 
of muscular development, and more especially muscular tonus as af- 
fecting the creatinine elimination. Inasmuch as it is believed that 
the difference in adipose tissue in different individuals influences to a 
considerable extent the creatinine coefficient, it is of value to note 
the creatinine elimination in women, since the proportion of adipose 
tissue to the active mass of protoplasmic tissue is much larger with 
women than with men. A study of the creatinine elimination in 
women seemed extremely desirable to us with a view to throwing ad- 
ditional light on these three points; namely, the effects of the degree 
of muscular development, muscular tonus, and proportion of adipose 
tissue on the creatinine elimination. 

While the use of insane patients for making observations of this 
kind, which are supposed to contribute to our knowledge of physiol 
ogy rather than pathology, is open to criticism, yet from the obser- 
vations of Folin? and others, it seems highly probable that mental 
disorders per se do not necessarily involve such changes in metabolism 


as to modify the creatinine output. 


METHODS. 


Diet. — In order to eliminate the possibility of the ingestion of pre 
formed creatine and creatinine, the precaution was taken to make sure 
that the subject partook of a creatine-free diet both during and for 
twenty-four hours before the experiment proper began. While Folin 

1 SHAFFER: The effect of muscular activity on kreatinin ex 
liminary observations on the excretion of kreatinin 
ported by title: This journal, 1907, xviii, p. xx 

2 Foun: Loe. cit. 

Fo_in: Hammarsten Festschrift, 1g06 
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has recently shown that a large part of the creatine or creatinine 
ingested may not appear in the urine, either as preformed creatine or 
preformed creatinine, yet in any study of the endogenous creatinine 
elimination the food should be creatine-free. The diet consisted for 
the most part of bread, milk, and eggs. 

Analytical methods.— The urine was collected in periods of 
twenty-four hours. In some instances it was necessary to catheter- 
ize the patient, but in the majority of cases the urine was collected 
as voided. It is always difficult to secure an absolute twenty-four 
hour separation for each day, nevertheless, if the measurements ex- 
tend over a period of three days, it is fair to assume that the average 
excretion represents with considerable accuracy the amount excreted 
foreach day. Aside from the creatinine determinations, microscopic 
examinations of the urine were made, together with tests for albumen 
and sugar, which are reported if significant in interpreting the 
results. 

The creatinine was determined in all instances by Folin’s method. 
Preformed creatinine was first determined. Then the urine was heated 
with hydrochloric acid either for three hours on the water bath or for 
one and one-half hours in an autoclave to convert all the creatine to 
creatinine. It was thus possible to obtain measurements of the amounts 
of preformed creatine present in the urine. In most instances the 
amounts found were negligible or within the limit of error of the ana- 
lytical method employed. 

In all of the early cases investigated the technique of preserving the 
urine is open to criticism in that the chloroform, which was then 
used as the preservative, was not added to the urine until the speci- 
men reached the laboratory, thus leaving a slight opportunity for 
bacterial action. A recent study of the transformation of creatinine 
to creatine made in connection with this work shows that in some 
samples of urine there is a strong tendency for the conversion of 
creatinine to creatine even if chloroform or chloroform and thymol are 
present. The change is most noted in urines that are alkaline. 
Consequently in several samples, where pressure of other work pre- 
cluded an immediate determination of the preformed creatinine, the 
results are reported as total creatinine. 

In several instances a remarkably low creatinine elimination was 
observed, but repeated tests showed the constancy of the amounts 
excreted. 

This paper deals with the preformed creatinine output, and hence 


. 
. 


The Elimination of Creatinine in Women. 381 


the discussion of creatine is not included here. Recent observations ! 
imply that the creatinine and creatine of urine arise from inde- 
pendent sources. 


EXPERIMENTAL Dat 


Case l,D.H. Psychosis ; Senile Dementia. — Age, eighty-five years. Body 
weight, 39 kilos. This woman has lived on a milk diet for the 
years, the quantity before the experiment averaging 1700 c.c. per day 
Subject in bed, old, feeble, withered, and very inactive. Clinical examina 
tion of urine revealed nothing pathological. Creatinine determinations 


were made during two different periods. 


Quantity . 
Specific gravity 


Preformed creatinine . 0.324 gm. 


Average preformed creatinine elimination for three days, 0.284 gm. 


June 19. June 21 
Quantity . I400C.c. O10 C.C. 
Specific gr.. 1.015 1.012 
Preformed 


. 0.322gm. 0.238gm. 0.245 gm. 0.287 gm. 0.269 gm 
creatinine (73775 I° & 1S 7 ) 


Average daily preformed creatinine elimination for six days, 0.298 gm 


Case Il... L. Psychosis; Dementia Praecox, Paranoid Form, 2d Group 
- Age, sixty-six years. Body weight, 40 kilos. Subject withered, active, 


but in bed. Nothing pathological found in clinical examination of urine 


Quantity 
Specific gravity 


Total? creatinine . 0.442 gm. 0.578 gm. 
Average total creatinine elimination for three days, o. 


1 KLERCKER: Loc. cit.; SHAFFER: Loc. ctt.; BENEDICT, Publi 
Carnegie Institution of Washington, 1907. 


2 Ninety c.c. of urine lost, mixed with feces. (The amount lost was added to that 
actually collected, and the total amount passed is given inthe table. Thus 1 
were collected and go c.c. lost. 

8 In this and several other samples, although the urine had been preserved \ 
chloroform (without the addition of thymol, however), there was an unavo 
delay in the determinations, and hence the total creatinine, z.¢., preformed 


atinine plus any preformed creatine, is recorded 


Feb. 7 Feb. § Feb. 9 
1352 C.Cc. 572 C.C. 1243 
1.012 1.014 1.013 
June 22 June 23 June 24 
1.013 I.O10 1.014 
125 gm 
Feb. 11 Feb. 12 Feb. 13 
545 506 C.C. 732 CAA 
1.019 1.014 1.015 
sos gm 
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Case III, M. H. Psychosis; Dementia FParalytica. — Age, fifty-two years 
Body weight, 65 kilos. Subject in bed, has little control over muscular 
movements. Speech unintelligible, has difficulty in swallowing, sleep 
most of the time, well nourished. No pathological findings in urine by 
routine tests. 

1906. sb. 16. Feb. 17. Feb. 18 
Quantity . . . 1555 1065 cc. 1112! c.c. 
Specific gravity . 1.018 1.018 
Total creatinine . 0.737 gm. 0.616 gm. 0.741 gm. 

Average total creatinine elimination for three days, 0.697. 


Case IV..M.C. Psychosis; Dementia Pracox, Catatonic Form. — Age, forty- 
five years. Body weight, 48 kilos. Patient inactive, sits up, walks about 
the ward, young for her years, irritable heart. Clinical examination of 
urine revealed nothing pathological. Patient was subjected to experiment 
at three different periods. During the second period the urine was per- 
sistently alkaline, except on the last day, and though the determinations 
of the preformed creatinine were made as soon as the specimens reached 
the laboratory (three or four hours after last passage of urine for speci- 
men), still the alkaline bacterial fermentation seemed to have destroyed 


considerable of the preformed creatinine. 
1906. ~ Feb. 20. Feb. 21. 


Quantity . . 1065 c.c. 

Specific gravity . . . 1.015 1.017 

Preformed creatinine . 0.703 gm. 0.805 gm. 
Average preformed creatinine elimination for two days, 0.754 gm. 

1906. June 26. June 27. June 28. June 29. June 30 
Quantity. . 985 c.c. 795 C.C. 820 c.c. 660 c.c. 660 c.c 
Specific gravity 1.020 1.025 1.021 1.023 
Reaction . alkaline alkaline alkaline alkaline acid 


1.025 


Preformed ( 
<0.282(?)gm. 0.502(?)gm. 0o.517gm.(?) 0.474(?)gm. 0.841 gm. 
creatinine . ¢ 5 5178 8 41g 


The average preformed creatinine elimination for these five days was 
0.525 gm. 


1906. Oct. 12. 
Quantity . . . . . 1340C.C. c.c. 1380 c.c. 847 


Specific gravity . . . 1.018 1.022 1.017 1.019 
Preformed creatinine . o.go5*gm. 0.580*gm. o0.799gm. 0.806 gm. 


Oct. 13. Oct. 14. Oct. 15 


The average preformed creatinine elimination for the four days was 


0.772 gm. 
1 Five hundred c.c. lost, mixed with feces, quantity measured. 
* The first day contains a portion of urine belonging to the second day as a re 


sult of imperfect collection. 
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This value is essentially the same as that found in the February 
experiment, and but slightly lower than that found on the one 
day of the June experiment on which the urine was acid. This there- 
fore indicates that the alkaline urines of June 26-29 had undergone 
such changes as to decrease materially the amount of preformed 
creatinine normally excreted by this subject. The average for the 
subsequent table was taken from the first and third periods. 


Case V..S.L. Psychosis; Dementia Praecox, Catatonic Form. — Age, thirty 
two years. Body weight, 53 kilos. Muscular activity of subject | 
cally normal, plump, active, good worker, younger than her years, irritable 
heart. after experiment patient was sent home as recovered. 
From clinical examination urine was apparently normal in every respect. 

1906 
Quantity 
Specific gravity . . . 1.023 
Preformed creatinine . 0.738 gm. 


Case VI.,S. H. Psychosis ; Dementia Preacox, Paranoid Form, 2d Group. 
Age, thirty-nine years. Body weight, 61 kilos at time of first experiment 
here recorded. . Physically a normal individual, except that muscul 
activity is considerably under normal. 


1906. March 15 March 16 March ! 
Quantity .. . 1780 C.c. 1480 c.c. 


Specific gravity . . . 1.018 1.01! 1.017 


Preformed creatinine . 0.879 gm. 0.848 gm. 0.863 gm 


Average preformed creatinine elimination for three days, 0.863 gm. 


3ody weight at time of second experiment, 78 kilos. During the last 
two days of the experiment patient was menstruating, and the urine was 
contaminated with a considerable amount of blood, making the urine 
albuminous and also rendering it alkaline. Urine collected in a bottle 
containing 1toc.c. of chloroform. Determinations made immediately 
after day’s urine was collected. 


1906 July 2c July 21. July 22 
. . .. 2080C4. vom 2345 C.C. 
Specific gravity . . . 1.011 ‘ 1.014 
Reaction . .. . acid alkaline 
Albumen. .... none none about 2 p. c. 


Preformed creatinine . 0.991 gm. 1.088 gm. 


Average preformed creatinine elimination for four days, 0.926 gm 


Average preformed creatinine elimination for three days, 0.732 gm. 
if 
2480 
1.011 
alk i] ne 
ibout 2 p. C. 
825 gm gm. 
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During the third period of experiment patient was on a very light die: 


as the result of some delusions she entertained, and her body weight fe! 
from 80 kilos on September 1 to 74 kilos on October 1. Creatinine 
determinations were made in patient’s urine during ten days of this period 
The usual clinical examination revealed nothing pathological. On a 
count of some irregularities the urine of the fourth day was discarded. 
1906. Sept. 17. Sept. 18. Sept. 19. : oe. Sept. 2 
Specific gravity . . 1.010 1.011 Rey .008 1.011 
Preformed creatinine. 0.898 gm. 0.798 gm. o. = gm. 0.833 gi 
1906. Sept. 23. Sept. 24. Sept. 25. Sept. 26 Sept. 27 
. 683C¢.c. gooc.c. 685C.c. 1030 
Specific gravity . 1.011 1.009 1.013 1.018 
Preformed creatinine . 0.768 gm. 0.858gm. 0.779 gm. 0.867 gm. 0.959 


Average preformed creatinine elimination for the ten days, 0.843 gm. 


Case VII., A. B. Psychosis; Dementia Precox, Catatonic Form. Age, 
thirty years. Body weight, 42 kilos at time of experiment. Patient quiet 
in bed, apparently in fairly good physical condition ; fed with tube. Th: 
clinical examination of the urine revealed that the patient had chroni 
nephritis, about 1 per cent of albumen continuously being present during 
the three days, together with a large number of hyaline casts and many 
pus cells. 

1906 March 15 March 16. March 17 
Quantity . . . 1515 445 'c.c. 1740 C.C. 
Specific gravity . 1.013 1.020 1.013 
Total creatinine . 0.662 gm. 0.250 gm. 0.783 gm. 
The average total creatinine elimination for the three days was 0.565 gm. 


Case VIII., LL.B. Psychosis ; Dementia Precox, Hebephrenic Form. — Age, 
fifty-seven years. Body weight, 49 kilos during both experiments. Fair 
physical condition and moderately active during both observations, though 
possibly in slightly better physical condition during the second than dur- 
ing the first period. Clinical observations revealed nothing abnormal in 
the urine. 

1906. July 7 July 8. July 9 July to. 

Quantity . . . . . I5§10C.C. 1395 C.Cc. 1328 C.Cc. 1385 

Specific gravity . . . 1.014 1.014 1.014 1.014 

Preformed creatinine . 0.588 gm. 0.582 gm. 0.664 gm. 0.676 gm 


Average preformed creatinine elimination for four days, 0.627 gm. 
1 Patient had only one passage of urine on the morning of the second day, and 


had to be catheterized the third day, so that the third day contained a portion of 
urine belonging to the second period. 


. 
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1906 
Quantity 
Specific gravity 
Preformed creatinine . 0.799 gm. 


Average preformed creatinine elimination for three days, 


Case IX..M.R. Psychosis ; Paranoia. — Age, forty-five years 
43 kilos during both experiments. Subject anemi 
no outdoor exercise. Clinical examination of 
pathological. 
1900 

Quantity 

Specific gravity 

Total creatinine 


Average total creatinine elimin: 
account of the lack of uniformity in the 
ment was made. 

Quantity 

Specific gravity 


Preformed creatinine . 0.414 gm. 
Average preformed creatinine elimination for three days, 


Case X.,A.L Psychosis; Manic Depressive, Maniacal Form 
three years. Body weight. 64 kilos. Subject well nourishe 
though taking a fair amount of exercise, but during the experim 
patient was undergoing a period of mental excitement. Cl 
nation of the urine revealed that patient had chronic nephritis, 
1 per cent of albumen being found on each day 
and granular casts and a considerable number of 
1906 
Specific gravity . . 1.018 .02 


Preformed creatinine 0.698 gm -771 gm 


Average preformed creatinine elimination for three days, 


Case XI.. E. K. Psych sis; Dementia Precox, Paranoid Form, 2d 


— Age, thirty-one years. Body weight, 51 kilos. 


poor circulation, but no organic trouble ; moderate muscular actis 


The collection of the urine was probably just following the menss 


Clinical examination of the urine revealed nothing pathological 


1 and thirty-six ¢ 


385 
Dec. 8 De 
c.€ 1705 c.( 
1.014 1.010 
0.707 gm 2.521 gm 
5 
tive, withered 
vealed nothing 
yr three days, 187 Or 
A I 14 
I 3 1.027 
‘ 
+/ 
gn 
nt 
Two Lost 
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1906 March 17 March 18. March 19 
. 620 C.c. 515 C.c. 555 c.c. 


Specific gravity . 1.020 1.02 


Total creatinine . 0.739 gm. 0.749 gm. 
Average total creatinine elimination for three days, 0.765 gm. 


Case XII, A.M. Psychosis ; Melancholia. — Age, forty-seven years. Body 
weight, 44 kilos. Subject in very poor physical condition, emaciated, 
muscular activity much less than normal. Clinical examination of the 
urine revealed nothing pathological. 

1906 March 23. Marct March 25 
Quantity . . . 1460C.c. 1209 C.C. 
Specific gravity . 1.015 1.024 1.022 
Total creatinine 0.680 gm. - 0.944 gm. 


Urine lost . . none 294 C.C. 
Average total creatinine elimination for three days, 0.823 gm. 


Case XIII, E.8. Psychosis; Manic Depressive, Depressed Form. — Age, 
fifty years. Body weight, 47 kilos. During experiment patient was much 
excited, refused to keep on any clothes, and was consequently locked in 


her room. She was in fair physical condition and extremely active. 
Clinica] examination of the urine revealed an occasional hyaiine cast. 


1906. March 25. March 28. March 29 March 
Quantity . . O40 C.C. 5375 C.c. 1096 c.c. 1926 C.c. 


Specific gravity 1.027 1.02 1.025 1.017 


Total creatinine 0.991 gm. 0.974 gm. 1.183 gm. 0.743 gm. 
Urine lost . . - none none 237 


295 
Average total creatinine elimination for four’ days, 0.973 gm 


Case XIV.,E.B. Psychosis; Manic Depressive, Mixed Form. — Age, seventy 
years. Body weight, 69 kilos. Subject well nourished, rather indolent, 
with only a moderate amount of activity. Clinical examination of the 
urine revealed nothing pathological. 

1906 24. March 25 
Quantity . . 2782 c.c. 
Specific gravity . 1.011 
Preformed creatinine. 1.¢ 0.896 gm. 0.974 gm. 


Average preformed creatinine elimination for three days, 0.963 gm. 


1 It might at first sight seem erroneous to assume that the creatinine content of 
the urine lost was exactly that of the urine saved, but numerous observations show 
that the hourly output is relatively constant, and unless a marked diuresis is as 
sumed, it is highly probable that the reported results represent approximately the 
true creatinine output for twenty-four hours. 
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Case XV., A.D. Psychosis; Dementia Pracox, Paranoid Form, 1st Grou 


— Age, fifty-one years. Bod 


y weight, $9 KIIOS Subject leads practi 


normal life. Clinical examination of the urine revealed the 


a few hyaline casts in each of the three specimens examined 


1900 
Quantity 
Specific gravity 


Total creatinine 


Average total creatinine elimination for three days, 


Case XVI, N. M. Psychosis; Senile Dementia. — Age, 
Body weight, 63 kilos in both experiments. Subject ra 
partly paralyzed, fat and flabby. Spends most of time in 
hyaline casts were found in the clinical examination of the 
the first observation. On account of the low creatinine elimi 


the advanced age of patient, she was subjected to two o 


1906 March 24 March 25 
(Juantity . . 401 305 c. 
Specific gravity 
Preformed creatinine 0.548 gm. 


Urine lost. . 59 
Average preformed creatinine elimination for three days, 


1g06 
Quantity . 
Specific gravity 
Preformed creatinine. 0.415 gm. o. gm. 0.376gm 


Urine lost . . ... none Cc none 


Average preformed creatinine elimination for five days, 0.452 gn 

Case XVII., M.D. Psychosis; Manic Depressive, Depressed 
twenty-five years. Body weight, 85 kilos. Subject in fair physi 
dition. Great mental pressure of activity in consequence of which | 
was continuously active. Menstruated the three days previous t 
ning the experiment. Clinical examination of 


pathological. 
1906 
Quantity 
Specific gravity . 
Preformed creatinine . 0.999 gm. 


Average preformed creatinine elimination for three days, 1 


Mar 24 Mar 2 Mar 

752 C.C. 795 ce. 

1.027 I 2! I 
12 683 gm 768 om 
°.754 

decrepit 
i \ few 
' 
Nlar 
CL. 
1.026 
0.445 g! 
3 
454 gm 
June 24 June 
445 C.( 
1.026 1.027 
410 gm. 0.313 
\ 
eos 
March 25 Mar ¢ 
2175 ©. 245 c.f 
1.023 1.013 
1.024 gm. 1.356 gm. 
. 
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Case XVIII, H. 8. Psychosis; Manic Depressive, Imbecilic Basis. — Ag 
nineteen years. Body weight, 58 kilos. Subject in fairly good’ physi 
condition, but mentally much depressed and very inactive. No path 
logical findings in urine. 

1906. Mz . March 26 
8 c.c 475 C.C. 455 C.c. 
Specific gravity . . . 1.030 1.028 
Preformed creatinine . 0.565 gm. 0.665 gm. 0.670 gm 


Average preformed creatinine elimination for three days, 0.633 gm 


Case XIX..M.G. Psychosis; Manic Depressive, Circular Form. — Age, six' 
five years. Body weight, 46 kilos. Subject physically fairly normal, activ: 
mildly excited, undersized. Muscular activity above the normal. N 
pathological findings in the urine. 

1906. May 22. May 23 
Quanity . . « . « 2250 C.C. 
Specific gravity . . . 1.015 1.015 
Preformed creatinine . o.716gm. 0.599 gm. 


Average preformed creatinine elimination for three Cays, 0.620 gm. 


Case XX., C. W. Psychosis; Dementia Pracox, Paranoid Form. — Age, 
fifty-two years. Body weight, 76 kilos. Subject in good physical con 
dition, mentally perfectly clear, rather stout, practically a normal ind 
vidual. Clinical examination of the urine revealed nothing pathological. 

1906. May 22. May 23 
Specific gravity . . < % 1-015 
Preformed creatinine . 1. 1.137 gm. , 1.233 gm. 


Average preformed creatinine elimination for three days, 1.153 gm. 


Case XXI.. A. H. Psychosis; Imbecility. — Age, thirty-three years. Bod 
weight, 68 kilos. Subject a normal individual except for slight menta 
defect. 

1906 May 22 ay 23 May 24 
Quantity . . . . . 2490C.Cc 
Specific gravity . . . 1.015 


Preformed creatinine . 1.310 gm. 


Average preformed creatinine elimination for three days, 1.269 gm. 


Case XXII., A.Q. Psychosis; Dementia Praecox, Hebephrenic Form. — Age. 
forty-five years. Body weight, 49 kilos. Subject rather inert as a rule 
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and suffering from a mild attack of erysipe 


of ft 


she was in bed. Clinical examination 


pathological. 


1906 
Quantity 
Specific gravity 
Preformed creatinine 


Urine lost . 


Average preformed creatinine elimination for thre¢ 


Case XXIII., Miss R. A member of Nurses’ Training Sci 
five years. Body weight, 52 kilos. Subject was just convales 
typhoid fever and was considerably under normal body weight 


muscular activity was very slight. The blood had | 


rey 


rood Widal reaction, and the urine had given 


wr 


During the early stages of the fever the patient’s 
large amount of albumen and many granular casts, but at 
periment there was only a faint trace of albumen and an « 
ular cast. During the second day of experiment patient’s 
was 40° C., due to an abscess on arm. This abscess wa 


contain B. typhosus. 


Quantity . . 
Specific gravity 
Preformed creatinine 


Average preformed creatinine elimination for three di 
Case XXIV..M.P. /*sychosis; Melancholia. Age, 


weight, 40 kilos. Subject poorly nourished, mentally very 


occasionally becoming so excited that she has to be locked 


spends much of the time walking. Clinical examination 


frequently revealed the presence of uric acid cryst 
on one occasion several hyaline casts. 
during two different periods 
1906 
Quantity . 
Specific gravity . . 
Preformed creatinine 


M 22 Ma May 2 
1.01f 1.012 
oF or Rae on 
O20 2M. 997 yim. 
450 720 320 
tu 
Her 
1 contained 
e time of e 
vr 
islonail 
temperatur 
foul not t 
Oct. 21 Oct () 2 
1.018 1.017 
on es ot y 
-607 gin. 2M. 543 2m 
LVS. 2 
| 
venine year 
i n the liment nad 
iect« t experiment 
+ 
? Cc. 
I 34 
m. -430 gt 
Average preformed creatinine elimination for three days, 0.473 gm 
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1906. Nov. 13 Nov. 15. 
Specific gravity. . . 1.0; 1.037 
Preformed creatinine . 0. gm. 0.593 gm. 


Average preformed creatinine elimination for the four different days, 


0.472 gm. 


Case XXV.,8.8. Psychosis ; Melancholia. — Age, fifty-seven years. Body 
weight, 59 kilos. Subject poorly nourished, goes about wringing her 
hands and moaning, very much agitated. Clinical examination of urine 


revealed nothing pathological. 


1 got Nov 19 
Specific gravity . . . 1.018 


Preformed creatinine . 0.800 gm. 


Average preformed creatinine elimination for three days, 0.6 


Case XXVI.,M.W. Psychosis; Melancholia. — Age, forty-five years. Body 
weight, 45 kilos. Subject considerably agitated during observation, and 
spent much time walking about the halls. Her physical condition is as a 
rule excellent, but during this depression it dropped below the normal. 
Clinical examination of the urine revealed nothing pathological. 


1906 Nov. ¢ Nov Nov. 8 
Quantity . . . ‘ 450 C.Cc. 00 C.C. 540 C.c. 
Specific gravity . . . 1.017 : 1.017 


Preformed creatinine . 0.439 gm. .436 gm. 0.554 gm. 


Average preformed creatinine elimination for three days, 0.476 gm. 


The earlier view that the creatinine elimination is in large measure 
proportional to the body weight has been supplemented by more 
recent views, one of which assumes that the creatinine elimination is 
proportional to the active mass of protoplasmic tissue, and a still more 
recent modification of this view which has been advocated by Shaffer 
to the effect that the creatinine elimination is affected by the general 
tonus of the muscles. Obviously, cases where body weight, muscular 


activity, and general physical condition varied as widely as did the 


1 Patient very much excited on the fourth day, and a small amount of urine was 
lost. The urine for the 16th was also lost. 


. Nov. 20 Nov. 2 
300 C.C. 190+ C.c. 
1.036 1.036 
0.513 gm. 0.355 gm. 
Nov. 2c Nov. 21 
790 C.C. 650 c.c. 
1.022 1.021 
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cases here reported furnish unusual opportunity for a comparison 
the different factors possibly influencing the elimination of creatinine. 


To render the results more comparable, they have all been col- 
lected in the following table: 


18 


Reported as total creatinine 


391 
4 
Girtl 
Creat 
Body Creat A 
Age. 12 Height ! 
weight 
Shou ethcient 
- Waist Hips J 
years. kilos. metres metres metres metres 
1 85 39.3 1.65 0.8] 0.74 OSY 1.4 
*2 66 40.1 1.65 0.92 06) OS] Os 124 
#3 52 64.9 1.45 1.00 08S 1.17 0.69 108 
4 45 48.3 1.65 0.98 0.75 OU OTs 15.8 
5 32 52.9 1.58 0.97 0.5] 1.02 0.732 13.9 
6a 39 61.2 1.65 1.0f OS] 1.07 0 863 14] 
6b oe 750 ese 0.97 11.9 
*7 30 $1.7 1.50 0.92 QOS 0 365 ] 
Sa 57 49.0 1.55 0.89 0.64 0.S4 0.62] 12 
9 45 42.5 149 OSS 0.57 OS] 0.44 10.5 
10 63 64.3 1.68 0.71 0.74 
*1] 3] 51.1 ] 60 0.89 0 57 0.97 0.765 15 
*|2 47 43.8 1.57 0.95 0.69 O.S9 0.823 
50 46.5 1.64 0.92 069 OSY 0.973 
14 70 68.5 1.65 0.93 0.72 1.07 () O¢ 144 
*15 51 59.0 1.65 0.89 0.68 0.95 0.754 125 
16 92 62.6 1.50 1.03 0.99 1.08 0.464 7.4 
85.0 1.5] 0.9 0.71 1.52 13.2 
19 58.0 1.7] 0.9] 0.7¢ 0.99 OF 1O9 
19 65 45.8 1.28 0.92 0.76 O99 Of? 13.5 
52 75.9 1.50 1.01 0.85 1.20 118 15.2 
33 67.6 1.75 1.00 0.7¢ 0.97 1.269 l 
45 490 1.59 OS] 0.69 0.94 O.S8S5 218 
25 52.2 1.65 0.59% 
59 39.9 1.16 0.92 0.66 0.92 0.47 119 
57 59.4 1.68 1.04 0.72 1.12 O.67¢ 11.4 
45 47.6 1.50 0.95 0.75 0.98 0.476 00 
Average 0.739 13.4 
/ 
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To the data for the creatinine elimination are added several body 
measurements, for not only were the body weights of these subjects 
taken, but with a view of giving mathematical expression to the gen 
eral physical condition, the height and the girth about the shoulders, 
waist, and hips were recorded. In all instances the measurements 
were taken over a thin cotton wrapper, with no clothing underneath. 
They represent, therefore, approximately the measurements of the 
naked body. 

In the last column of the table has been recorded the “ creatinine 
coefficient.” This is determined by dividing the weight of creatinine 
in milligrams by the body weight, and it corresponds, therefore, to the 
number of milligrams of creatinine excreted per kilo of body weight. 
In the table no attempt was made to classify the patients according 
to age, weight, height, or creatinine elimination. They are recorded 
chronologically as they were studied in the laboratory. 

Creatinine coefficient. — The creatinine coefficients which have been 
commonly observed in men by Folin and others range from 18 to 30 
mgm., while Shaffer has pointed out! that with women in poor 
physical condition the creatinine coefficient may be very much lower 
than this. With the subjects here reported, the coefficients are un- 
usually low, in some instances remarkably low, and in but two in- 
stances are they above 20. The previously reported * creatinine 
coefficients of women vary from 9.4 to 21.7 and these, indeed, were 
all with insane patients. Of these coefficients the lowest, 9.4, was 
obtained with a woman patient weighing 80.3 kilos, and the highest, 
21.7, was obtained on a patient weighing 50.83 kilos. Unfortunately, 
the body measurements .are not reported, and hence the general 
physical condition regarding the proportion of adipose tissue cannot 
well be estimated. The large amount of subcutaneous fat present in 
women would result in a materially smaller proportion of active pro- 
toplasmic tissue per kilo of body weight, and hence we would expect 
that if the creatinine elimination is proportional to the active proto- 
plasmic tissue, the coefficients would all be smaller than with men of 
equal body weight by virtue of the large amount of inert adipose tis- 
sue which tends to increase the body weight and decrease the pro- 
portion of active protoplasmic tissue. Thus the general observation that 
women with relatively low body weights and larger proportions of 
adipose tissue excrete relatively low amounts of creatinine would be 

1 SHAFFER: Loc. cit. 
2 See p. 378 
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in harmony with the view that the creatinine elimination is directly 
proportional to the active mass of protoplasmic tissue. A subsequent 
observation made in this series of experiments, however, is not in 
harmony with this hypothesis. By reference to the figures in the 
table, it will be seen that from the body weight, height, and girths an 
estimate as regards the approximate amount of adipose tissue can be 
made. Thus in Case 17 


7, where the body weight was 85 kilos, it is 
seen that the height was but 1.5 metres, and consequently there must 
have been a large amount of adipose tissue. This large body weight 
results in a low creatinine coefficient, 13.2, although there was one of 
the largest twenty-four-hour excretions of creatinine observed in any 
of the cases. A comparison of the body weights and the creatinine 
excreted shows that in nearly all instances where there were large 
body weights the creatinine excretion was large. Conversely, where 
there was a small body weight, the creatinine is, as a rule, small. 

The smallest average amount was that of Case 1, namely, 0.292 gm. 
We believe this to be the smallest daily average excretion of pre 
formed creatinine thus far observed. In this case the body weight 
was extremely low, 39.3 kilos, and the height 1.65 metres. In Case 
24, where the body weight was essentially the same, 39.9 kilos, and 
the height was 1.16 metres, the creatinine excretion was, however, 
over 60 per cent greater. Furthermore, in the second case there 
must have been a larger proportion of adipose tissue. 

Taking the girth at the waist as a general index of the proportion 
of adipose tissue, it is seen that those patients with the largest girth, 
namely, Cases 16 and 3, had low creatinine coefficients; but here, 
again, this measurement alone will not suffice for a true index of the 
physical condition of the subject, and small body weight may likewise 
result in an extremely low coefficient, as is shown clearly in Case 1, 

Muscular development independent of the adipose tissue is in gen- 
eral greater the taller the individual, and hence the height rather than 
the body weight might be taken as perhaps more nearly an index of 
the mass of muscle tissue, and yet the figures in the table show no 
uniformity regarding the ratio between height and total creatinine 
excretion. 

It is evident, then, that the factors influencing the creatinine out- 
put are not clearly known, and we can but examine the results and 
study the influence of the various possible factors. 

Influence of age. — Two of the cases, namely, 1 and 16, were of ad- 
vanced age, eighty-five and ninety-two years respectively, and both of 
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these cases are significant as having unusually low coefficients. Con 
pared with women of like body weight but younger, the excretion of 
creatinine is invariably low. Case 16, with a body weight of 62.6 
kilos, excreted considerably less creatinine (0.464) than the younger 
woman, Case 18, who with a smaller body weight, 58.0, excreted 
considerably more (0.633). 

That we can actually ascribe an influence of age as such is hardly 
probable, for with advancing years, especially over seventy years, there 
is a loss of adipose tissue (which according to one hypothesis should 
raise the creatinine coefficient) and a loss of muscular tonus which a 
cording to another hypothesis should decrease the creatinine output. 
Although there were marked differences in body weight in the two 
cases of aged patients (Nos. 1 and 16), there were likewise marked 
differences in the height and other measurements, since Case |, 
although 0.15 metre taller than Case 16, was a much smaller woman 
so far as all the girths are concerned. 

From the measurements of girths, it would appear that in these 
two cases, at least, there is but a slight influence of the adipose tissue 
on the creatinine elimination, for, in all probability, there was a larger 
proportion of active protoplasmic tissue in Case 1, while in the other 
case there was a considerable amount of fat in addition. An exami. 
nation of the report of the physical condition of these two patients 
shows that in Case 1 the subject was in bed, feeble, withered, and 
very inactive, while Case 16, although distinctly fat, flabby, and de- 
crepit, was partly paralyzed and also spent most of the time in bed 
However, Case 16 was somewhat more active physically, and could 
be fairly stated to have a greater muscular tonus than did Case 1. 
This would imply, then, that the hypothesis of Shaffer to the effect 
that the creatinine is a measurement, not only of the active proto- 
plasmic tissue, but also of the tonus or activity of muscles, is true. 

Creatinine coefficients in the same individual with marked differences 
in body weight. — The problem of the influence of body weight upon 
the creatinine excretion, and consequently the creatinine coefficient, 
is studied only with difficulty where different individuals of different 
body weights are compared, for the proportion of fat, skeleton, and 

_muscular or protoplasmic tissue varies widely in individuals. In one 
of the cases here studied, it was possible to note the creatinine excre- 
tion at different times of the year when the subject had a markedly 
different body weight. Thus, with Case 6, the body weight at one 
test was 61.1 kilos, and the average excretion of preformed creatinine 
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0.86 gram. During another test the body weight was 78 kilos and 
the average excretion 0.93, while in another it was 74 kilos with an 
average excretion of 0.84. In an earlier experiment made with this 
same subject and seported previously,’ the creatinine excretion of 
this subject was determined with a body weight of 47.7 kilos. At 
this weight the excretion was 0.57 gm. of preformed creatinine. The 
creatinine coefficients for these various tests were, with a body weight 
of 47.7, 12.0; with a body weight of 61.1, 14.1; with a body weight 


of 74, 11.3; with a body weight of 78, 11.9. 


This subject periodically fasts as a result of religious delusions, and, 
as has been shown by one of us,’ after a period of inanition, there 
may be a very considerable storage of nitrogenous material, indeed, a 
storage considerably greater than that actually lost during the period 
of inanition, yet it is highly probable that the major portion of the 
fluctuations in weight observed in this patient were due to fat and 
water and not to protoplasmic tissue. On this assumption, therefore, 
it is seen that so far as this case is concerned, there is little evidence 
to show that the active mass of protoplasmic tissue determines the 
creatinine output, since the fat and water stored resulted in an ap- 
parent increase of the creatinine elimination, which was almost in 
proportion to the increment in body weight. 

So far as we are aware, no instance of the creatinine determination 
of the same subject with such a wide difference in body weight has 
thus far been reported. 

So far as the question of muscular tonus or general strength of the 
body is concerned, but little evidence is presented by this case. 
During the four periods of observation here reported, the general 
muscular strength did not vary markedly. Even after the prolonged 
fast the patient was able to walk about the ward and sit up. ‘It was 
her common custom to sit for the greater portion of the day sewing 
and reading. Furthermore, the values taken for the creatinine elimi- 
nation at the body weight of 47.7 kilos were taken after the period of 
fasting had ceased, and hence, in all probability, did not represent the 
maximum condition of fatigue. It has been found by a number of 
experiments during fasting that strength rapidly returns after the in- 
gestion of food. It would appear, then, that it is necessary to assume 
that the muscular activity and tonus were very much less when the 
body weight was low than when high, in order to account for the con- 

1 BENEDICT and DIEFENDORF: This journal, 1907, xviii, p. 369 
2 Carnegie Institution of Washington, Publication No. 77, 1907 
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stancy in the creatinine coefficient. This is distinctly contrary to the 
evidence here presented, and judging from this one case, but little 
stress can be laid upon muscular tonus as a factor influencing creati- 
nine excretion in persons not suffering from distinct pathological 
lesions. It should be stated, however, that the second experiment 
with Case 8, where the creatinine coefficient was much higher than 
in the first, the patient was possibly in somewhat better physical 
condition. 


SUMMARY. 


The conclusions reached in these experiments may then be sum- 
marized as follows: 
~ 1. The creatinine excretion of women is, in general, much lower 
than that of men. 

2. While the excretion is, in general, proportional to the body 
weight, this is not always the case. 

3. Age appears to play an important réle in the excretion of cre- 
atinine, since elderly people excrete less creatinine than younger peo- 
ple, with essentially the same body weight. 

4. The evidence furnished by the subject whose body weight varied 


considerably at times implies that the creatinine excretion is propor- 
tional to the body weight and not to the active mass of protoplasmic 
tissue. 


THE DETERMINATION OF CREATINE AND CREATININE:! 


By FRANCIS GANO BENEDICT anp VICTOR CARYL MYERS. 


[From the Chemical Laboratory of Wesleyan University.] 


HE physiological problems involved in the study of creatine and 

creatinine have resulted in the development of the colorimetric 
method for the determination of these two bodies. Based upon the 
Jaffé reaction, Folin? has described a simple colorimetric method for 
the determination of preformed creatinine. Creatine does not give 
this reaction, but by heating the urine with hydrochloric acid for a 
considerable length of time, the creatine may be in large part con- 
verted to creatinine, and thus the colorimetric method may be ap- 
plied for determining creatine. As Folin recommends, the urine 
must be heated three hours on the water bath with hydrochloric acid 
to insure the conversion of the creatine to creatinine. Where a large 
number of determinations are to be made, the length of time required 
for this conversion is a serious factor, and hence it seemed desirable 
to so modify the method of procedure as to hasten if possible this 
conversion. 

It is the purpose of this article to describe a modification of the 
Folin method which will enable the complete conversion of creatine 
to creatinine in a much shorter time than the usual three hours. 

In connection with the series of experiments which are reported in 
the two papers accompanying this article, much evidence was secured 
regarding the reverse chemical transformation, 2. ¢., the conversion of 
creatinine to creatine, and the second part of this paper has to deal 
with the experimental evidence throwing light on this point. 


THE CONVERSION OF CREATINE TO CREATININE. 


The long time required for the conversion of creatine to creatinine 
when heated with hydrochloric acid on the water bath suggested the 


1 This research was carried out with the aid of a grant from the Carnegie In- 
stitution of Washington. The analyses were made in the laboratory of the 
Connecticut Hospital for the Insane. 

2 FoLin: Zeitschrift fiir physiologische Chemie, 1904, xli, p. 223. 
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desirability of increasing the temperature of the reaction by heating 
the liquid in an autoclave. Since an increase in temperature haste: 
chemical action, it was thought that the time of conversion could 
materially shortened by this procedure. <A preliminary series of ex 
periments was made with some extract of beef, which contains bot 
creatine and creatinine. A dilute solution of extract of beef was 
made, and the preformed creatinine determined by the Folin method 
7.¢., without the preliminary heating with hydrochloric acid. A 
large number of samples of this dilute solution were then treate 
with hydrochloric acid and heated in the autoclave at a temperature 
of about 117° C. for periods varying from fifteen minutes to thre: 
hours. In this preliminary series of experiments it appeared that th: 
maximum creatinine formation in the dilute beef extract was obtained 
in heating for fifteen minutes in the autoclave. 

A comparative test made with the same beef extract solution 
which the heating was carried out on the water bath showed that at 
least two hours’ heating was necessary for the reaction to approach 
completion. At the end of three hours the colorimetric readings 
were exactly the same as when the solution was heated in the 
autoclave. 

Experiments with pure creatine. —- Dr. Folin kindly furnished us 
with a small amount of pure creatine, and a series of experiments 
was made with a solution of this product. Crystallized creatine con- 
tains one molecule of water of crystallization, and the relation be- 
tween the molecular weights of crystallized creatine and creatinine 
are such that 0.5 gm. of crystallized creatine corresponds to 0.3794 
gm. of creatinine. A solution was prepared containing 500 mgm. of 
crystallized creatine in 750 c.c. of distilled water; several 10 c.c. por- 
tions of this solution were heated each with 10 c.c. of normal hydro- 
chloric acid in the autoclave. The results are as follows: 


Fifteen minutes. — At the end of fifteen minutes three flasks were removed 
from the autoclave and tested in the usual manner. 

1. The 10 c.c. of original creatine solution, to which 10 .c. of acid 
had been added, was diluted to 350 c.c., after 15 c.c. of saturated picric 
acid solution and 10 c.c. of a 10 per cent sodium hydroxide solution 
had been added, and the color allowed to develop for three and one-half 
minutes. The average of a large number of readings with the colorimeter 
was 11.2 millimetres. ‘This corresponds to 0.3798 gm. of creatinine in 
the solution instead of 0.3794 gm. 

2. The 10 c.c. were diluted to 250 c.c., and the several readings 


averaged 8.2 mm., corresponding to 0.3704 gm. of creatinine 
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3. The contents of this flask were likewise diluted to 250 c.c., and the 
average reading was 8.1 mm., equivalent to 0.3750 gram of creatinine. 
Thirty minutes. — At the end of thirty minutes three flasks were diluted each 
to 250 c.c., and the averages of the numerous readings were 8.3, 8.2, and 
8.2 mm. on the three flasks respectively. 

One hour. — The three flasks were diluted to 250 c.c., and the average of the 
readings was 8.2 mm. on each of the three flasks. 

One and a half hours. — ‘Two flasks were removed at this period and diluted 
to 250c.c. The average reading on both flasks was 8.2 mm. 

Two hours. — The three flasks removed at the end of two hours were like- 
wise diluted 10 c.c. to 250 c.c.,and the average reading on all three flasks 


was 8.2 mm. 


No color reaction was obtained before heating with acid, thus indi- 
cating the absence of creatinine. 

The results therefore show that heating fifteen minutes in the auto- 
clave at 117° C. resulted in as complete conversion of creatine to 
creatinine as did heating under the same conditions for two hours. 

A comparative test was made by heating the creatine solution with 
acid on the water bath, as is ordinarily done with the Folin method of 
determining creatinine in urine. The results are as follows: 

Thirty minutes. — At the end of thirty minutes three flasks were diluted 10 to 
250 c.c., and the averages of the readings on the three flasks were 11.2, 
11 and 11.0, 2 mm. A reading of 11.2 mm. corresponds to 0.2712 gm. of 
creatinine instead of 0.3794 required. 

One hour. — Three flasks diluted at the end of an hour from to to 250 c.c. 
gave an average for the three flasks of 8.8 mm., corresponding to 
0.3452 gm. of creatinine. 

One and a half hours. — The three flasks removed at the end of one and a 
half hours gave average readings of 8.7, 8.7, and g.00 mm. respectively. 

Two hours. — At the end of two hours the averages of all the readings on the 
three flasks were 8.3, 8.3, and 8.5 respectively. 

Three hours. The three flasks gave average readings of 8.4, 8.4, and 8.5. mm. 
respectively, the reading 8.4 corresponding to 0.3616 gm. creatinine. 


A comparison of the readings obtained when heating the creatine 
solution on the water bath with those obtained when the solution was 
heated in the autoclave shows that the reaction apparently is not ab- 
solutely complete at the end of three hours when heated in the water 
bath, although it approaches completeness in about two hours. On 
the other hand, it is complete at the end of fifteen minutes when 
heated in the autoclave. 
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No explanation is at present apparent as to why the conversion of 
the creatine in aqueous solution is not as perfect at the end of thre 
hours when compared with the liquid heated in the autoclave, as was 
the conversion of the creatine in the beef extract solution, which, it 
will be remembered, was completely converted by heating three hours 
on the water bath. : 

It is conceivable that some of the normal urinary constituents 
might interfere with or delay the conversion of creatine to creatinine 
and hence, as a final test of the efficiency of this method, 200 c.c. of 
normal urine from a healthy man was mixed with 100 c.c. of the crea 
tine solution, and then the total creatinine determination after heating 
with acid in the autoclave was made. 

The amount of preformed creatinine in the urine was first deter- 
mined and found to be 0.103 gm. The amount of creatinine that 
would result from the conversion of the creatine in 100 c.c. of the 
creatine solution is 0.049 gm., or a total in the mixture (300 c.c.) of 
0.152 gm. The creatinine in the mixture before heating with acid was 
found to be 0.107 gm., as against 0.103 found in the undiluted urine. 
After conversion, the total creatinine in the mixture was found to be 
0.152 gm., or the sum of the preformed creatinine plus the creatine 
added in the solution. 

The mixture of normal urine and creatine solution was tested to 
note the rate of conversion of the creatine to creatinine when heated 
in the autoclave. Nine flasks were placed in the autoclave; three 
were removed at the end of fifteen minutes, three at the end of thirty 
minutes, and three at the end of forty-five minutes. The flasks when 
diluted 10 c.c. to 250 c.c. all gave the same average reading, 7. ¢., 
8.0 mm. 

It is thus apparent that when either pure creatine solution, dilute 
beef extract solution, or normal urine to which a pure creatine solu- 
tion has been added, is heated with hydrochloric acid at 117° C. in 
the autoclave, there is a complete conversion of the creatine to cre- 
atinine. Furthermore, there is no apparent influence of the normal 
urinary constituents on the degree or rate of this conversion. 

The tests with pure creatine solution would imply that the method 
used in this laboratory is correct, and that the vaiues for creatine and 
creatinine reported in the papers on the Elimination of Creatinine in 
Women! and the Elimination of Creatine? are based upon standard 
solutions which yield theoretical results with pure crystallized creatine 

1 BENEDICT and Myers: This journal, 1907, xviii, p. 377- 
2 [bid. p. 406. 
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The conversion of creatine to creatinine on a large scale. — The success 
attending the use of the autoclave for the conversion of small quanti- 
ties of creatine to creatinine lead to a series of experiments to convert 
larger amounts of creatine to creatinine. The commercial preparation 
of extract of beef contains considerable amounts of creatine, and ac- 
cordingly 22 gm. of extract of beef were dissolved in water, 27 c.c. of 


concentrated hydrochloric acid added, and the whole diluted with 


water to 130 c.c. The solution was then heated to 117° ¢ 
autoclave for forty-five minutes. 

A determination of the total creatinine showed that the 22 gm. of 
the extract contained 1.1 gm. of total creatinine, a portion of which 
had been present in the extract as creatine. 

When § c.c. portions of the digested solution were again heated 
with 10 c.c. of normal hydrochloric acid in the autoclave, it was found 
that there was no further increase in the amount of creatinine, and 
hence that all the creatine had been converted. A preliminary test 
had shown that there was present in the beef extract twice as much 
creatine as creatinine.! 

Thus, from this experiment and from the general action of creatine 
with hydrochloric acid in the autoclave, it would appear that not only 
are the small quantities of creatine converted to creatinine, but that the 
method is applicable for the preparation of creatine on a large scale. 

Grindley and Woods? have found that when meat juice, containing 
practically no creatinine, is allowed to stand in the presence of picric 
acid and sodium hydroxide, a red color develops indicating a conver- 
sion of creatine to creatinine. This experiment was tried with a 
solution of chemically pure creatine and the same phenomenon ob- 
served, the depth of the color at the end of a week indicating that 
over half of the creatine had been changed to creatinine. 

The conversion of creatinine to creatine. — It has frequently been ob- 
served in certain samples of urine, especially when the reaction was 
alkaline, that there is a tendency for creatinine to become converted 
to creatine. While not definitely proven, it has been commonly sup- 
posed that this action is due to bacteria, and hence it is customary to 
preserve the urine by the addition of chloroform or by the use of a 
solution of thymol in chloroform, 1: 10. 

The procedure that has thus far given the best satisfaction is as 
follows : 

1 See GrinpDLzey and Woops: Journal of biological chemistry, 1907, ii, p. 

Ibid. 
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The urine should be placed in a bottle containing 5 c.c. of the thy- 
mol solution for each 1000 c.c. of urine. The urine should be, if pos- 
sible, excreted directly into the bottle with the preservative. While 
the chloroform solution of thymol retards the destruction of the crea- 
tinine and its conversion to creatine, it nevertheless happens that fre- 
quently even with this preservative there may be a loss of creatinine 
after standing. Hence for the most accurate work analyses should be 
made as soon as possible after the urine is collected. The tendency 
for creatinine to change to creatine, and the tendency for both mate- 
rials to undergo decomposition are well shown by the following series 
of experiments. 

The urine from a healthy man was collected for six hours, and the 
creatine and creatinine determinations made. In the 700 c.c. of 
slightly acid urine with a specific gravity of 1.015 there was found 
0.481 gm. of creatinine, but no creatine was present. Five portions 
of this urine were treated in the following ways : 


a. 80 c.c. of urine + 2 c.c. of concentrated hydrochloric acid. 

6. 130 ¢.c. of urine + 2 c.c. of concentrated hydrochloric acid + 5 c.c. of 
chloroform. 

¢. 120 ¢.c. of urine + 5 c.c. of ammonium hydroxide. 

d. 120 c.c. of urine + 5 c.c. of chloroform. 

¢. No preservative was added. 


The samples were allowed to stand in the laboratory at average 
room temperature. One week later, creatinine determinations were 
again made, and no loss of creatinine or conversion to creatine was 
noted. In the urines to which concentrated hydrochloric acid had 
been added uric acid crystals were precipitated. A white precipitate 
(phosphates) was found in the urine to which ammonium hydroxide had 
been added. The urine to which no preservative had been added was 
fermented, but there was no evidence of a disintegration of the 
creatinine. 

Nine weeks later determinations were again made with the follow- 
ing results: 

a. Urine + hydrochloric acid. 
Creatinine 0.431 gm. 90.4 per cent of the total. 
Creatine 0.050 gm. — 

The creatine is expressed in terms of creatinine, and it is thus ap- 
parent that at the end of this time about 10 per cent of the pre- 
formed creatinine had been converted to creatine. The sum of the 
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creatinine and creatine showed that there was no absolute loss of 


material. 


6. Urine + hydrochloric acid + chloroform. 


Creatinine 0.446 gm. 93 per cent. 
Creatine 0.35 gm. 


Here, again, there was a conversion of a smal] amount of the creati- 
nine to creatine, although the total quantity of creatinine remained 
unchanged. 


c. Urine + ammonium hydroxide 


Creatinine 0.383 gm. 80 per cent. : 
Creatine 0.035 gm. 
Lost. . 0.063 


In the strongly alkaline urine, therefore, four fifths of the original 
amount of preformed creatinine was found in the urine. 7 per cent 
of the original amount was in the form of creatine, and 13 per cent 


was lost. 


ad. Urine + chloroform. 


Creatinine 0.418 gm. 87 per cent. 
Creatine 0.049 gm. « 
Lost. . 0.014 5 


The urine was found to be neutral in reaction. 


e. No preservative added. 


Creatinine 0.077 gm. 16 per cent. 
Creatine 0.017 gm. 4 
Lost . 0.387 — = 


The urine was found very strongly alkaline, and the creatinine was in 
large part destroyed. It is of interest that but a small amount of 
creatine was found in the solution. A Gram’s stain of the bacteria in 
the urine showed many varieties, both Gram positive and Gram nega- 
tive, cocci and bacilli. Ina hanging drop preparation many forms were 
still found to be motile. A number of very large refractile cocci, fre- 
quently in chains, were also noted. In the stained specimen there 
were many large Gram cocci, and it is probable that these were 
micrococci ureae, the chief agent in the ammoniacal fermentation of 
the urine and in the production of ammonium carbonate from urea. 
Several samples of urine which had been found to contain preformed 
creatine were allowed to stand for several weeks, and then determina- 


tions of creatine and creatinine again made. 
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Two samples from Mrs. M. P., both preserved with chloroform, gave 
results as follows: 
Nov. 2, 1906. Feb. 27, 1907. 
Preformed creatinine . 0.424 
creatine 0.152 


Total creatinine . . . 0.576 0.537 = 0.039 gm. lost. 


Nov. 3, 1906. Feb. 27, 1907. 
Preformed creatinine . 0.558 0.359 
a creatine. . 0.22 0.264 


Total creatinine . . . 0.783 0.623 = 0.150 gm. lost. 


Three specimens of urine which had been preserved with the 
thymol-chloroform solution gave results as follows: 
Mr. F. R. Dec. 22, 1906. Feb. 27, 1907. 
Preformed creatinine . 1.036 0.810 
creatine. . 0.396 


Total creatinine . . ‘ 1.206 


Preserved. with thymol-chloroform. 
Mrs. M. P. Dec. 27, 1906 Feb. 27, 1907. 
Preformed creatinine . 0.441 oO. 
a creatine. . 0.088 


Total creatinine . . . 0.529 oO. 


Preserved with thymol-chloroform. 
Mrs. MclI. 
Total creatjnine Dec. 20, 1906 = 1.006 
Feb. 27, 1907.= 0.901 


Creatinine lost . . . . . =0.105 


Chloroform is unsatisfactory as a preservative, and even the use of 
thymol-chloroform does not insure the absence of the conversion of 
creatinine to creatine, or indeed the loss of creatinine, although all 
the samples of urine constantly gave an acid reaction. 

But little regularity can be observed in the properties of creatine 
and creatinine in human urine. In general the conversion of creati- 
nine to creatine seems to be due to chemical action, or possibly to the 
action of enzymes in the urine. When a urine is allowed to stand, 
alkaline fermentation takes place, and the creatinine sooner or later 
almost completely disappears. Furthermore the evidence from alka- 
line urines is not conclusive to show that creatine is an intermediate 
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product. The conversion of creatinine to creatine even in the pres 
ence of chloroform and thymol shows that this conversion is not a 
bacteriological process. It is obvious that much experimenting must 
be carried out before the problem is wholly clarified. In general it 
would appear that there is more likely to be a complete loss of creati- 
nine in a urine that is alkaline. Whatever the cause of the conversion 
of creatinine to creatine, in any determination of either of these com- 
pounds, a factor which must never be left out of consideration is that 
of the influence of bacteria. Consequently emphasis cannot be too 
strongly laid upon the importance of making determinations of crea- 
tine and creatinine in urine as soon as possible after it has been 
voided. A preservative may delay action, but accuracy demands 
immediate analysis. 


. 
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THE ELIMINATION OF CREATINE.! 


By FRANCIS GANO BENEDICT anp VICTOR CARYL MYERS. 


[From the Chemical Laboratory of Wesleyan University.) 


wt the appearance of the colorimetric method for determining 
creatinine described by Folin * the investigation of the relation 
of creatinine to metabolism has received a great impetus. 

This method not only permits the determination of creatinine, but 
since, as Folin has shown, the small quantities of preformed creatine 
existing in the urine may readily be wholly converted to creati- 
nine by heating with hydrochloric acid on a water bath for three 
hours, the method may also be employed for determining the creatine. 
Thus one sample of urine is examined directly for the quantitative 
amount of preformed creatinine. A second sample is heated with 
acid, the creatinine converted to creatine, and then the total creati- 
nine determined. The difference is obviously the amount of creatine 
measured in terms of creatinine, of which 1 mgm. corresponds to 1.16 
mgm. of creatine. 

In his original discussion of the subject Folin pointed out that in 
normal urine there was frequently no creatine, although occasionally 
measurable amounts may be found. Of the several 10 c.c. samples of 
urine that he analyzed, one contained 5.3 mgm. of creatinine and 99 
mgm. of creatine, another 20.25 mgm. .of creatinine and 1.1 mgm. of 
creatine, and another 17.4 mgm. of creatinine and 0.7 mgm. of crea- 
tine. Usually the quantity of preformed creatine in the urine has 
been neglected by observers when using the Folin method. 

In connection with the fasting experiments made in this labora- 
tory® it was found that during inanition considerable quantities of 


1 This research was carried out with the aid of a grant from the Carnegie 
Institution of Washington. The analyses were made in the Laboratory of the 
Connecticut Hospital for the Insane. 

2 FoLin: Zeitschrift fur physiologische Chemie, 1904, xli, p. 223. 

* Benepict: Carnegie Institution of Washington, 1907, Publication No. 77 
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preformed creatine appeared in the urine. This preformed creatine 
was explained on the assumption that during fasting there was a 
material amount of * flesh” katabolized, and in the katabolism of the 
flesh the creatine which had formerly been held in the flesh was 
liberated and excreted as such in the urine. In the fasting experi 
ment with the fasting woman reported by Benedict and Diefendort,’ 
an excretion of creatine was likewise observed. 

Shaffer in a private communication has stated that he has observed 
the excretion of preformed creatine in a number of pathological cases. 

Folin in a private communication also reports creatine in the urine 
of a fasting man. 

In connection with an extended study of the creatinine elimination 
in women,” considerable amounts of creatine were occasionally ob 
served in the urine. It is the purpose of this article to report the 
cases in which the excretion of preformed creatine occurred. In addi- 
tion to the experiments with women several were made with men 

Methods. — The analytical methods employed in this study 
those used in the preceding paper. Pressure of other work preven 
the complete analyses of the urine, including the partition of 
nitrogen so successfully carried out by Folin. 


EXPERIMENTS 


The experiments included the study of twenty-four-hour quantity of 
urine from a number of women subsisting on a creatine-free and cre 
inine-free diet. In general the urine for three consecutive days was 


examined. The studies were further supplemented by an examination 


of the urine of several patients in which considerable amounts of 
preformed creatine were found. Unfortunately the mental or physical 
states of these patients in many instances precluded the accurate 
collection of the twenty-four-hour urine.’ 

Unless otherwise specified, the diets used were creatine-free and 
creatinine-free. The subjects were always on the diet for one day 
prior to taking the first sample. 


1 Benepict and DIEFENDORF: This journal, p. 362 

2 Benepict and Myeks: This journal, p. 377. 

§ The subjects of these experiments were patients of Drs. W. E. Fisner, A. B 
CoLeBurn, J. H. Morxison, and A. C. THOMAS, of the Connecticut Hospital for 
the Insane at Middletown, Connecticut. We are under obligations to these gentle 
men for their kind co-operation in the investigation 
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1. Mrs. D. H.'— Eighty-five years old. Weight, 39 kilos ; height, 1.65 metres 
Very inactive, in bed. Exclusive milk diet. 
This patient excreted 64, 53, 65, 96, 77, and 40 mgm. of creatine on 
six consecutive days. The average daily creatinine excretion was 292 
mgm. 


2. Mrs. M. N.2— Ninety-two years old. Weight, 63 kilos ; height, 1.50 metres. 
Partially paralyzed, in bed most of the time. This patient excreted 67, 
53> 57> 139, and 64 mgm. of creatine on five consecutive days. ‘The 
average daily creatinine excretion was 464 mgm. 


3. Miss R.* — Twenty-five years old. Weight, 52 kilos; height, 1.65 metres. 
Convalescing from typhoid fever; muscularly inactive. Trace of albumen 
in the urine. 

This subject excreted 80, 66, and 82 mgm. of creatine on three suc- 
cessive days. The average daily creatinine excretion was 598 mgm. 


4. Mrs, M. P.‘ — Fifty-nine years old. Weight, 40 kilos; height, 1.16 metres. 
Poorly nourished ; much agitated. 

This subject in one experiment excreted 176, 261, and 88 mgm. of 
creatine on three successive days. The average daily creatinine excretion 
was 473 mgm. 

In a later experiment the creatine excretion was 133, 132, 188, and 81 
mgm. on four days. During this second experiment the average daily 
preformed creatinine excretion was 473 mgm. Owing to the excited 
state of the patient during the second experiment, the urine was not col- 
lected on consecutive days. 


. Mrs. 8. G.’ -— Fifty-seven years old. Weight, 59 kilos; height, 1.68 metres. 
Rather poorly nourished and very much agitated. 
In a three-day experiment this subject excreted 126, 68, and 50 mgm. 
of creatine on three consecutive days. The average daily creatinine ex- 
cretion was 676 mgm. 


Mrs. M. W.* — Forty-five years old. Weight, 48 kilos ; height, 1.5 metres. 
Very much agitated. On the three days of this experiment the creatine 
excretion amounted to 220, 167, and 116 mgm. ‘The average daily creati 
nine excretion was 476 mgm. 


Mrs. H.8. Psychosis ; Dementis Pracox, Catatonic Form. — Thirty years 
old. Weight, 42 kilos; height, 1.82 metres. During the first obser- 
vation patient was in an almost complete catatonic stupor. Very much 


' See Case I., this journal, p. 381. * See Case XXIV., zbid. 
2 See Case XVI., zdid. 5 See Case XXV., tbid. 
® See Case XXIII., sid. ® See Case XXVI., tbid. 
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under nourished; activity practically nil. Clinical findings in urine are 


reported in the table. 

1906 

Volume 

Specific gravity 

Reaction 

Sugar. . 

Albumen 

Preformed creatinine 


Dec. 8. 

365 c.c. 
1.015 
alkaline 
trace 
trace 
0.072 gm. 


0.085 gm. 


Dec 9. Dec. 10 


400 C.C. 470 c.Cc. 


1.020 


I.010 


acid alkaline 


faint trace none 


trace about 1 per cent. 
0.239 gm. 0.029 gm. 


0.118 gm. -OIg gm. 


Of especial significance is the fact that in the alkaline urines there are 
but small amounts of both creatinine and creatine, while on the day when 
the urine was acid both constituents are present in considerable amounts. 


In the second experiment the body weight was 49 kilos. 
1907. 
Volume 
Specific gravity 
Sugar... 


Feb. 8. Feb. 9 
220 C.C. gts c.c. 


1.033 
none 


1.032 
: faint trace none 
Preformed creatinine 


0.330 gm. 0.607 gm. 0.400 gm. 


0.122 gm. 0.065 gm. 0.073 gm. 


In this second period the urine was filled with amorphous urates and 
peculiar needle-like uric acid crystals. 

8. Miss A. MclI. 
teen years old. 
but very inactive. 


No albumen was found. 
Dementia Pracox, Catatonic Form. 
Weight, 44 kilos; height, 1.58 metres. 


Psychosis ; Eigh- 


Well nourished, 


On the three days of this experiment the subject excreted 153, 77, and 
155 mgm. of creatine. 
days was 689 mgm. 
9. Mr. F. R. Psychosis; Dementia Paralytica. —Nineteen years old 
Weight, 61 kilos; height, 1.64 metres. 
The creatine excretion for three days was 110, 197, and 80 mgm. 
respectively. 
10. Mr. H. G. M. 
six years old. 


The average creatinine excretion for the three 


The average daily creatinine elimination was 947 mgm. 
Psychosis ; Dementia Pracox, Catatonic Form. — Twenty- 
Weight, 28.6 kilos (!) ; height, 1.79 metres. 
sion to the hospital (January, 1905), his weight was 51 kilos. The patient 
died on the third day of the experiment, apparently from inanition. 
Though he had been suffering from pulmonary tuberculosis, the disease 
was not sufficiently advanced to have been the sole cause of death. 


On admis- 


From the height and body weight it is apparent that the patient 


was greatly emaciated. At the time of entering the hospital and at 


Feb. 1 
220 
me 
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death the patient was suffering from chronic nephritis. At the au- 
topsy chronic passive congestion was found in the kidneys, and at 
that time a specimen of urine was drawn from the bladder. All the 
samples of urine were acid. Segal’s test for acetone was negative. 

On the first day of the experiment 150 c.c. of urine were collected, 
and it was estimated that this was one fourth of the total for the day 
The excretion of creatine for the day was 376 mgm. The creatinine 
excretion was 324 mgm. 

On the second day there were 415 c.c. (one half the twenty-four- 
hour quantity) collected. The creatine for the day was 469 mgm., 
and the creatinine excretion amounted to 369 mgm. 

On the third day go c.c. of urine was removed from the bladder at 
tie autopsy. In this amount there was found 61 mgm. of creatine 
and 51 mgm. of creatinine. 

The striking feature of this case is the enormous relative amount 
of creatine eliminated. It was not possible to obtain the total twenty- 
four-hour quantities, but he was under the charge of a nurse of 
long experience, and the total quantities were probably quite closely 
estimated. 


11. Miss K.O'C. Psychosis; Dementia Pracox, Catatonic Form. — Six 
teen years old. Weight, 43 kilos; height, 1.55 metres. Patient was in an 
almost complete catatonic stupor, and so filthy that it was entirely impos- 
sible to save the twenty-four-hour quantities. In consequence of her 
condition patient was very inactive. She declined food, and had to be 
tube-fed a portion of the time, in consequence of which she was poorly 
nourished. One day 155 c.c. of urine, specific gravity 1.028, were col 
lected. In this specimen 80 mgm. of creatine and 330 mgm. of creatinine 
were found. 

Miss B.D. Psychosis; Toxic Delirium. — Thirty-six years old. Weight, 
49 kilos; height, 1.65 metres. The patient was poorly nourished, and 
spent a considerable portion of the time in bed. On account of her 


poor physical condition, she was allowed a small quantity of beefsteak 
for dinner on the four different days she was on diet. At noon on the 
day before the experiment she also had a small amount of chicken. 
Nothing pathological was found in the clinical examination of the urine. 


1907. Feb, 16. Feb. 17. Feb. 18 
636 c.c. 695 C.Cc. 420 C.C. 
Specific gravity . . . 1.025 1.022 1.028 
Preformed creatinine . 0.696 gm. 0.722 gm. 0.671 gm. 
Creatine . . . . - 0.554 gm. 0.133 gm. 0.139 gm. 
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13. Mr.G.M. Psychosis; Dementia Pracox, Paranoid Form, 2d Group 
Fifty-seven years old. Weight, 50 kilos; height, 1.63 metres. Consid 
erable amounts of albumen and a few granular casts were found in the 
urine ofeach day. On the three days of the experiment there were found 
155, 97,and 114 mgm. of creatine respectively. The average daily amount 
of creatinine was 559 mgm. 

14. Mr. M. L. Psychosis ; Alcoholic Delusional Insanity. — Forty-six years 
old. Weight, 53 kilos; height, 1.75 metres. On all three days the urine 
contained a considerable amount of albumen and many granular casts. 

On the three days of the experiment the patient excreted 155.9, and 
85 mgm. of creatine respectively. The average daily amount of creati- 
nine was 697 mgm. 

15. Mr. M.S. Psychosis; Alcoholic Delusional /nsanity. — Sixty-nine years 
old. Weight, 58 kilos; height, 1.65 metres. The urine contained a faint 
trace of albumen and a few hyaline casts. 

On the three days of the experiment there were excreted 102, 
and 123 mgm. of creatine respectively, The average daily 
creatinine was 827 mgm. 
In regard to the last three cases it may be said in general that 
they were all suffering from phthisis and also from chronic nephritis to 
a greater or less extent. During the past two years the body weights 


of these three patients had fluctuated within 5 or 6 kilos, but they had 
not lost flesh to any considerable extent. Their diet previous to and 
during the experiment consisted of eggs, toast, milk, and bread and 


butter. They were all pcorly nourished and very inactive. 

It should be stated that three other phthisis patients, also suffering 
from chronic nephritis, who were living under exactly the same con- 
ditions, were experimented upon, and practically no creatine found in 
their urines. 

The absolute amount of creatine found in the majority of these 
cases is not large, the largest amount being 469 mgm. on the 
second day of the experiment with Mr. H.G. M. The important 
points developed in this study are (1) that creatine in the urine is in 
all probability independent of the creatinine, and (2) that while creati- 
nine is a normal constituent of the urine the experiments on fasting 
individuals and the pathological cases here reported indicate that the 
presence of creatine in the urine is pathological. 

As yet too little experimental evidence is at hand to show clearly 
the relation between the creatine output and disease, but such infor 
mation as is now available would imply that creatine is excreted in 
wasting diseases where flesh is broken down. Indeed an hypothesis 
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suggested by one of us! considers that the creatine excretion is an 
index of the flesh katabolized during fasting. 

If creatine is an index of a disintegration of muscular and glandular 
tissue, the clinical significance would certainly warrant estimations of 
the preformed creatine elimination in many pathological cases, and it 
is not beyond the bounds of reasonable speculation to conceive of the 
creatine determination as of a distinct diagnostic value. 

It is furthermore of interest to note that Cases 4, 5, and 6, all of 
which showed relatively large amounts of preformed creatine in the 
urine, were at the time of the experiment very much agitated.” 


1 BENEDICT: Carnegie Institution of Washington, Publication No. 77, 1907. 
~ ? MAXWELL has recently found that creatine acts as a brain stimulant. Jour- 
nal of biological chemistry, 1907, iii, p. 25. 
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CONCERNING THE EFFECT OF CHANGES OF BLOOD 
PRESSURE PRODUCED BY TEMPORARY OCCLUSION 
OF THE AORTA UPON RESPIRATORY ACTIVITY. 


By J. A. E. EYSTER, C. R. AUSTRIAN, ann C. R. KINGSLEY. 


[From the Physiological Laboratory of the Fohns Hopkins University. 


HE effect of sudden increase and decrease of the blood pres- 
sure upon respiratory activity has been recently investigated 
by Guthrie and Pike.! The literature is given in the paper by 
these authors and will not be repeated here. As a result of their 
experiments, these observers conclude that an increase in blood 
pressure, produced by temporary occlusion of the thoracic or abdominal 
aorta in cats and dogs, is accompanied by an increased rate of res- 
pirations together with diminished amplitude. A fall of pressure, 
produced by release of such occlusion, is accompanied by decreased 
rate and increased amplitude. Their experiments led them to no 
conclusion as to how the increased blood pressure effects the result 
described. They offer, however, two suggestions, — one proposed by 
Hill, that the increase may act directly upon the centre, or the other, 
that the increased blood pressure may lead to increased metabolism 
accompanied by a greater carbon dioxide output with consequent 
increase of the respiratory rate. 
In a previous paper? one of the present authors has shown that a 


certain amount of blood supply to the respiratory centre is necessary 
for its activity. The necessary amount of blood is apparently very 
small, and increased respiratory activity accompanies as a rule a 
reduction of the blood supply to the respiratory centre until this 
limit is reached. Subsequent (unpublished) experiments by the same 
author, in which the blood pressure in the Circle of Willis was 
recorded from the peripheral end of one internal carotid artery at a 


1 GUTHRIE, C. C., and Pike, F. H.: This journal, 1906, xvi, p. 475. 
2 Eyster, J. A. E.: Journal of experimental medicine, 1906, viii, p. 5 
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time when the cerebral arteries were ligated, have brought out more 
clearly this result. Following the ligation of each cerebral artery 
there is a fall of pressure in the Circle of Willis, and following the 
ligation of several arteries (in dogs, usually two carotids and one or bot! 
vertebrals) there is an increase in respiratory activity. Ifthe cerebra 
anzemia is now carried further (in dogs, for example, by the ligation of 
the subclavians, cervical and spinal anastomoses), respirations cease 
quite suddenly, and this effect is associated with an extremely low 
pressure (5 to 10 mm. of mercury) in the Circle of Willis. In experi- 
ments in which the cerebral anzemia was produced by increase of 
intracranial tension to a point greater than blood pressure, similar 
phenomena were observed. In these experiments there were numer- 


1 
] 
i 


ous examples of a sudden increase of blood supply to a partially 
anzmic centre, in which however the amount of blood had not been 
reduced to the low point at which cessation of respiratory activity 
occurs, with the result that there was a marked decrease of respira- 
tion or even a complete apnoea of short duration. The interpretation 
of this decrease of respiration under such conditions was the sudden 
reduction of the respiratory stimulus by an increase of the blood 
supply to the centre, the increased amount of blood allowing an 
increased diffusion and hence a lessened accumulation of carbon 
dioxide in the cells of the centre. 

The accumulation of carbon dioxide in the cells of the respiratory 
centre according to prevalent theories determines its activity. The 
amount of carbon dioxide discharged from the cells depends upon the 
relative tension of this gas in the cells and the surrounding blood, as 
well as upon the amount of blood present. A small amount of blood 
with a carbon dioxide tension lower than that of the cells of the 
centre would have its tension more rapidly raised than would a larger 
amount of blood under the same conditions. In other words, the 
stimulus to the respiratory centre depends not only upon the tension 
of the carbon dioxide in the blood supply, but also upon the amount 
of blood flowing through the centre. A decrease in blood supply, the 
other factor remaining constant, should result therefore in an increase 
of the stimulus, an increase in the blood supply to a decrease of the 
stimulus. 

From the above considerations, and in view of the importance of 
the conclusions of Guthrie and Pike, if confirmed, the present series 
of experiments were undertaken. 


The Effect of Changes of Blood Pressure. 


METHODS, 


The animals used were dogs and cats. Sudden rises and falls of 
blood pressure were produced by temporary occlusion of the thoracic 
aorta. This occlusion was obtained by several methods. In our 
early experiments, a medium-sized curved aneurism needle was passed 
into the left side of the thorax between the eighth and ninth ribs 
close to the vertebral column, and the aorta compressed against the 
vertebrz by traction upon this needle. Later the method employed 
by Guthrie and Pike was used. A ligature was passed around the 
aorta and vertebral column by means of a large aneurism needle, the 
ligature entering and leaving close to the vertebra upon each side. 
Traction upon this ligature occluded the aorta by drawing it tightly 
against the vertebral column. Finally, in animals with partially 
open thorax, breathing by means of the apparatus of slight positive 
intra-pulmonary pressure devised by Brauer,! the first part of the de- 
scending thoracic aorta was occluded by direct temporary clamping. 

The animals were anzsthetized, and in certain of the experiments 
with dogs, morphia had been given previously. The respiratory 
exchange was measured in some experiments. The blood pressure 
was recorded from the central end of one common carotid artery 
Respiratory tracings were obtained by a tube connecting the ether 
bottle with the recording tambour, by a similar connection between 
the recording tambour and the outflow of the gasometer, or by a 
transmitting tambour on the thorax of the animal. Careful autopsies 
to verify the position of the ligatures were performed at the conclu- 
sion of all experiments in which these were employed 


EXPERIMENTAL RESULTS. 


In our early experiments, in which a rise of blood pressure was 
produced by occlusion of the aorta by means of a curved aneurism 
needle introduced into the thorax, the results obtained were exactly 
opposite to those of Guthrie and Pike. The rise of blood pressure so 
obtained was always associated with decreased respiratory activity, 
either a decrease in both rate and depth or decrease in depth with un- 
changed rate. Measurement of the respiratory exchange in these 
cases showed a marked diminution accompanying the rise in blood 

1 BRAUER: Mittheilungen aus den Grenzgebeiten der Medizin und Chirurgie, 
1904, xiii, Art. xviii. 
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pressure. This was true for both dogs and cats, The method of 
occlusion by means of a ligature as employed by Guthrie and Pike 
was now tried, and the results described by them were obtained 
Certain cases; in others our previous results were repeated. In a 
number of experiments several ligatures were passed around the 
vertebral column and aorta in the same animal, and others were 
passed similarly but not including the aorta. Occlusion of the aorta 
by traction upon certain of these ligatures caused an increase in 
respiration; in others a marked decrease was observed. Moreover, 
in direct contradiction to the statement of Guthrie and Pike, a liga- 
ture passed around the vertebral column in the usual region but 
ngt including the aorta may cause upon traction marked changes in 
respiratory activity. There may result from tightening such a liga- 
ture an increased rate of respiration with decrease in depth (Fig. 1), 
an increased depth with constant (see the table), or decreased rate, or 
a decrease in rate ordepth, or both. Autopsy upon those animals in 
which several ligatures were employed, showed that it was those 
ligatures which entered and left very close to the vertebral column 
which caused an increase of respiration upon traction. On the other 
hand, those entering and leaving further out caused quite constantly 
a decrease in respiration associated with the rise of blood pressure. 
In the case of those ligatures not including the aorta and which gave 
upon traction increase or decrease of respiration, slight changes of 
blood pressure were present. The similarity of such records to the 
tracings obtained from stimulation of the central end of a sensory 
nerve was very suggestive.’ Fig. 1 shows the effect of traction upon 


1 Stimulation of the central end of a sensory nerve, as, for example, the saphe- 
nous, may affect respiration and blood «pressure in various ways, depending upon 
the depth of anesthesia and the condition of the animal. The blood pressure may 
show arise or afall. The respirations may be variously affected, — the rate increased 
with decreased depth, both depth and rate increased, increased depth with normal 
rate, decreased depth with normal rate, or both depth and rate decreased. A de- 
crease in respiration is usually associated with a fall of blood pressure in such 
stimulation, an increase with a rise. The former is more common late in an ex 
periment and under deep anzsthesia. These different effects upon respiration 
and blood pressure have all been obtained by ligatures passed around the vertebral 
column in the usual position but not including the aorta. There has been noted, 
moreover, a striking correspondence between the effects of stimulation of the 
saphenous, on one hand, and tightening such a ligature on the other, at any par- 
ticular time. When tightening of a ligature caused, for example, a decrease in 
respiration with a fall of blood pressure, stimulation of the saphenous caused a 
similar result. An example of this is given in Fig, 2. 
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a ligature passed around the vertebral column but not including the 


aorta. There isa slight rise of blood pressure and marked increase 


of respiratory rate with decreased depth. The respiratory exchange 


FicurE 1.—Increase of respiratory 
ligature passed around vertebral 
respirations (up-stroke inspiration), 

line blood pressure from carotid 

Blood pressure before occlusion, 54 mm. of mercury ; « 


and all following tracings are to be read from left to right. 


was measured in this case, and it was found that there was an increase 
during the traction of the ligature. The first slowing of the respira- 


tions with slight fall of blood pressure in Fig. 2 followed the tighten- 


FiGuRE 2.— The first slowing of respirations in this figure is the result of tighteni: 


ligature passed around the vertebra! column but not including the aorta. TI 
slowing is due to stimulation of the central end of one saphenous nerve. Curv 


Blood pressure before occlusion, 122 mm. 


1¢ SECO 


in last figure. 


ing of a similar ligature toward the end of another experiment. 
second slowing and fall of blood pressure in the same tracing is due 
to the stimulation of the central end of the cut saphenous nerve. 


The 
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Experiments were now performed in which the condition of an- 
zesthesia was varied and the depth carefully noted. It was found 
in these cases that certain ligatures which included the aorta gave 
different effects on respiratory activity upon traction, and that this 
difference could be shown to depend upon the depth of anzsthesia. 
Thus in deep anzsthesia the rise of blood pressure accompanying 


FIGURE 3.— Decrease in respiration as a result of occluding the aorta by ligatus 
cat while in a condition of deep anzsthesia. Uppermost line respiration, middle li: 


carotid blood pressure, lowest line time in one-second intervals. bz 
pressure not shown. Blood pressure before occlusion 134 mm., during 204 to 164 mm., 


after 116 mm. 


traction of such a ligature would be associated with a marked de- 
crease inrespiration. Traction upon the same ligature within a short 
time in a condition of light anzsthesia would be associated with an 
increased rate or depth or both. Figs. 3 and 4 are from such an 
experiment. One minute after the tracing shown in Fig. 3, in which 
the animal (a cat) was deeply anzsthetized, the ether was entirely 
removed. Two and a half minutes later occlusion gave the result 
represented by Fig. 4. 


au 
} 
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The following table gives the results of an experiment in which 
three ligatures were employed and the depth of anzsthesia varied 
Autopsy showed that ligatures 1 and 2 passed around the aorta ; liga- 
ture 3, on the other hand, did not, but simply included the vertebral 


column and contiguous structures. Ligatures 1 and 3 entered and 


left the thorax close to the vertebral column, ligature 2 entered and 
left further out. In the first 
part of the experiment, in a con- 
dition of light anaesthesia, trac- 
tion upon ligature 1 caused 
marked increase of rate and 
depth of respirations with in- 
crease of respiratory exchange 
(Occlusion 1 of the table). 
In deep anesthesia traction 
upon this ligature caused de- 
crease in rate and depth (Occlu- 
sion 2 and 3) with marked 
decrease of respiratory exchange. 
In moderate anzsthesia traction 
upon this ligature (Occlusion 4) 
caused increase in rate but de- 
crease in depth of the respira- 
tions to such an extent that the 
respiratory exchange was de- 
creased. Traction upon ligature 
2 caused decrease in rate and 
depth in both light and deep 
anzsthesia. Traction upon liga- 
ture 3 (which did not include 
the aorta) caused first (Traction 
9 of the table) increased respira- 
tory activity (decrease iin rate, 
increase in depth and increase of respiratory exchange); later it gave 
a decrease of respiration. Traction upon ligature 1 toward the end of 
the experiment in light anasthesia was not attended by an increase 
of respiration, as was obtained previously, but a considerable de- 
crease, and stimulation of the central end of the saphenous at this 
time showed a similar though not so great decrease. The animal at 
this ‘time was thus in such a condition that stimulation of a sensory 
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nerve instead of causing the usual rise of blood pressure and increase 
of respirations caused decrease of both. Fig. 1 is an example of a 
rise of blood pressure and increase of respiration from a ligature 
not including the aorta. 

Finally, direct stimulation of the thoracic sympathetic chain by a 
faradic current may cause marked increase of respiratory activity 


Figure 5.—Stimulation of thoracic sympathetic chain by faradic current in a ¢ 
Uppermost line respirations (down-stroke inspiration), second line from top carot 


pressure, third line time in one-second intervals, lowermost line base line for | 


pressure. Rise of base line represents beginning of stimulation, the fall cessatior 


stimulus. 


with a rise of blood pressure. An example of this is given in Fig. 5. 
The animal's thorax was opened upon the left side sufficiently wide to 
allow dissection of the thoracic sympathetic chain for a distance of 
several centimetres and the application to it of a shielded electrode. 
Natural respiratory activity was maintained by. the method of Brauer: 
The opposite result from such stimulation has also been observed, 
namely, a fall of blood pressure with decrease of respiration. Direct 
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ligation of the aorta in these experiments leads to a rise of blood 
pressure with decrease in respiration. 


DISCUSSION OF RESULTS. 


In the interpretation of their results Guthrie and Pike took into 
account two factors, the changes in blood pressure and the changes in 
carbon dioxide contents of the blood. _ In the first place, upon ligat- 
ing the aorta, the brain was separated from the blood flowing from 
that portion of the body which consumes the most oxygen and gives 
off the most carbon dioxide. One would expect, according to these 
authors, a decrease in respiration as a result; on the contrary, an in- 
creased rate was the usual occurrence. They therefore concluded 
that this increased rate was due to the rise of blood pressure. With 
the fall in blood pressure coincident with the release of the ligature, 
the blood returning from the posterior part of the body must be sur- 
charged with carbon dioxide and at first cause an increase in respira- 
tory activity. They observed a constant augmentation of respiration 
when the blood pressure fell. It is not stated whether this augmen- 
tation is simply over that observed during the occlusion or over that 
before the occlusion. Our experiments show that the respiratory depth 
following the occlusion is usually greater than that observed during 
occlusion. This however is not always true, as the first occlusion of 
the table shows. Occlusion of the aorta by the ligature method of 
Guthrie and Pike may affect the respiration during the occlusion in a 
number of different ways, and the state of respiratory activity follow- 
ing the occlusion may no doubt be influenced by this. During occlu- 
sion, both rate and depth may be increased (first occlusion of the table), 
rate increased and depth decreased (fourth occlusion of the table), rate 
normal or decreased and depth increased (ninth occlusion of the table), 
or, finally, decrease of both rate and depth. A decrease of respiratory 
activity, usually both rate and depth, is the condition that always ac- 
companies occlusion with rise of blood pressure in our experiments, 
when care was taken to prevent nervous stimulation. The other 
effects upon respiration produced by occlusion by means of ligature, 
we believe to be due to stimulation of the respiratory centre through 
afferent nerves lying in the neighborhood of the ligature and pressed 
upon by traction of the same. The most prominent nervous structure 
in this region is the thoracic sympathetic chain, and it is almost im- 
possible to pass a ligature around the vertebral column in this region, 
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when the ligature enters and leaves the thorax close to the vertebra, 
without, upon traction of the same, causing compression of this 
chain or some of its branches on at least one side. Fig. 5 shows 
that stimulation of the thoracic sympathetic may markedly affect 
respiration. 

We therefore believe that the results of Guthrie and Pike upon 
which their conclusions were based were due, not to the rise of blood 
pressure, but to stimulation of the respiratory centre through afferent 
nerves as a result of traction upon the ligatures. We base this belief 
upon, (1) the constancy of our results when this factor is excluded 
by ligatures placed some distance from the vertebral column, occlu- 
sion by traction upon a hook, direct ligation of aorta with open tho- 
rax, (2) the effects upon respiration of ligatures passed around the 
vertebral column in the usual region and not including the aorta, (3) 
the varying effect of ligatures occluding the aorta under different de- 
grees of anesthesia, (4) the position of the ligature in regard to its 
effect upon respiration (thus a ligature entering and leaving the tho- 
rax Close to the vertebral column nearly always causes a stimulation 
upon traction in light anzsthesia, one further out may not). 

Returning to the condition of respiratory activity accompanying 
the fall of blood pressure following the occlusion, it may be seen from 
the table and figures that this shows considerable variation. When 
the centre is stimulated by traction upon the ligature, the increased 
respiratory activity during the occlusion may be followed by a de- 
crease in rate and depth accompanying the release of the traction and 
the cessation of the stimulus (first occlusion of the table). Under 
certain conditions the latent period of such stimulation may be so long 
as to cause the principal effect upon respiration to occur after the 
release of the ligature (ninth line of the table; a ligature that did not 
include the aorta).! Following occlusions of the aorta in which ner- 
vous stimulation is excluded, the decrease in respiratory rate and depth 
associated with the rise of blood pressure is always followed by an 
increase in rate and depth (over that during the occlusion) occurring 
immediately after release of the ligature. This sudden increase is too 
soon for the blood surcharged with carbon dioxide from the posterior 
part of the body to reach the brain, as it has to pass through the heart 
and lesser circulation, and the first part of the increase is most prob- 
ably due to increase of the respiratory stimulus as a result of the 


1 A similar effect upon stimulation of the saphenous is shown in the fourteenth 
line of the table. 
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sudden fall of pressure (sudden reduction of blood supply). Soon the 
effect of the blood laden with carbon dioxide is observed, there is 
still further increase in respiration which in the majority of case 
leads to an activity greater than that present before occlusion. 
Guthrie and Pike explain their anomalous results by one occlusion 
following quickly upon previous occlusion and release. In such 
case they believe that the sudden checking of the flow of blood to the 
brain from the posterior part of the body which is surcharged with 
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;URE 6.— Results of several occlusions separated by short intervals. The figure shows 
the last part of the first, the second, third, and part of the fourth of the six occlusions 
of the aorta in this series. 


carbon dioxide, may lead to such a decrease of the respiratory stim- 
ulus as to counteract the stimulating effect upon the respiratory 
centre of the rise of blood pressure. The former factor then masks the 
latter and a decrease of respiratory activity results. Care was used 
in our experiments to have the occlusions so far separated as to 
avoid this possibility. Fig. 6 shows some points of interest in this 
connection. Here a number of rises of blood pressure follow in suc- 
cession. Each rise of blood pressure from occlusion of the aorta is 
accompanied by a decrease of respiration, each fall by an increase. 
The second and third occlusions follow the first immediately upon the 
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fall of the blood pressure to its lowest points. Each fall of blood 
pressure in these cases is associated with increased respiratory activity 
over that during the rise, not however over that before the rise. After 
the third rise an interval of about forty seconds intervenes before th: 
fourth rise, and just before this the rate and depth have increased 
over that before the first rise (the normal). The fifth rise follows 
in about twelve seconds and is similar to the second and third rises 
The sixth rise follows in sixty-five seconds and is similar to the third 
This shows that there are two factors tending to cause an increase olf 
respiration with the fall of blood pressure ; the one first acting is the 
increase of stimulus as a result of the decrease in the blood supply to 
the centre, and, secondly, the somewhat later effect of the surcharged 
carbon dioxide blood from the posterior part of the body. A rise of 
blood pressure occurring at either stage is sufficient to cause a 
marked decrease of respiration. 

A number of experiments were performed after section of both vagi 
with results similar in every way to those described for intact vagi. 


CONCLUSIONS. 


1. There is no evidence to show that a rise of blood pressure pro- 
duced in an animal by occlusion of the aorta affects the respiratory 
centre fer se when it is already receiving an amount of blood sufficient 
for its normal activity. The results of such a rise when other factors 
are excluded is to cause a decrease of respiratory activity, probably 
as a result of the decrease of the respiratory stimulus following upon 
an increased blood supply to the centre. If the rise of blood pressure 
per se stimulates the centre, its effect is masked by the latter factor. 

2. There is likewise no evidence from these experiments to show 
that a fall of pressure causes a decreased activity of the centre wher 
the supply of blood is not too greatly reduced. On the contrary, the 
increase of the stimulus following a reduced blood supply causes an 
increased respiratory activity. If the centre is affected otherwise by 
the fall, the effect is masked by the increase of stimulus 

3. The opposite conclusions of Guthrie and Pike we believe to 
due to another factor entering into their experiments, namely, the 
stimulation of the respiratory centre through afferent nerves as a re 
sult of their method of occlusion. We believe that our experiments 
explain the many anomalous results reported in their paper. 
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Pharmacologic Actions of Thorium 


I. QUALITATIVE REACTIONS OF THORIUM. 


N order to evolve a practical method for the quantitative estimation 

of thorium, and to prepare a compound which would not precip- 
itate proteids, we felt obliged to make a rather extensive study of 
the principal precipitation reactions of the metal, of the solubility of 
the precipitates, and of the inhibitory action of various substances 
on the precipitations. We quote our results below, although we are 
aware that many of them are not new. The experiments were all 
made with chemically pure crystallized thorium nitrate.* 

1. The aqueous solution of this salt is distinctly acid to litmus. 

2. NaOH, KOH, and NH,OH precipitate the solution completely.’ 
The precipitate occurs as heavy white flakes (Th(OH),). It retains 


1 The introduction to the paper of CHACE and Giles makes a special introduction 
to our paper superfluous. Our interest in thorium was kindled by the same general 
consideration which prompted these authors to investigate the actions of the metal. 
As we were in entire ignorance of this previous and unpublished work, our experi- 
ments were chiefly along somewhat different lines. 


2 We are indebted to Dr. M. Metzenbaum for the earlier samples. Those used 


for the later experiments were purchased from Merck. We did not concern our- 
selves with the question whether this thorium constitutes a single substance, since 
our primary object was the investigation of the thorium as actually found in the 
market. 
The absence of thorium was confirmed by acidulating the filtrate strongly with 
HCI and adding oxalic acid, 
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the alkali with great tenacity, nine washings by centrifugalization 
being required before the fluid was neutral to litmus. 

The precipitate was inso/uble in water (several days); in excess of 
the reagents; in 10 per cent NaCl; 25 per cent sodium citrate or 
sodium potassium tartrate. 

The complete insolubility of this and all other precipitates in the 
citrate and tartrate is especially interesting, because these organic 
salts prevent the precipitation when they are added to the thorium 
before the precipitant. Neutral oxalates also tend to prevent pre- 
cipitation and they also dissolve the precipitates. 

The thorium hydrate is so/ub/e in ammonium oxalate and in dilute 
acids. The solution is instantaneous in concentrated HCl, but rather 
slow in weak acids; the solubility decreasing from hydrochloric to 
acetic, to citric, to tartaric acid. The solubility is increased by heat- 
ing, 


suspended hydrate, or drying it for fifteen hours at 100° C., does not 


diminished by prolonged washing and standing. Boiling the 


diminish its solubility. 

The precipitation is prevented by citrates, tartrates, egg albumen, 
alkali albumen, blood, and Witte’s peptone,’ xo¢ by sodium carbonate 
or ammonium oxalate. The citrate mixture, however, precipitates on 
boiling or on prolonged standing, the precipitate being readily soluble 
in dilute HCl. The tartaric mixture does not precipitate on heating 
or standing. 

3. Thorium oxid (ThO,) has some rather peculiar solubility char- 
acters. Fresenius states that when it is prepared by gentle calci 
nation of the oxalate, moistened with HCI or HNO, and evaporated, 
it forms the corresponding salts, which dissolve readily in water, but 
which are again precipitated by the further addition of the acid. 

When strongly calcined, the oxid is insoluble in acids, dissolving 
only when heated with a mixture of equal parts of strong sulphuric 
acid and water (Fresenius). In our hands the solution was generally 
incomplete. We obtained the best results by a new method, by 
fusion with NaHSO,. The resulting mass is perfectly soluble in 
water. The attempt to obtain a soluble salt by fusing the oxalate 
with sodium nitrate was unsuccessful. 

4. Na,CO, and K,CO, precipitate the carbonate Th(CQO,),. The 


precipitate is so/vd/e in ammonium oxalate, hot or cold. It dissolves 


1 These prevention experiment 


rium nitrate solution until the 


adding the reagent hydrate, et 
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also in concentrated solution of the alkali carbonate in the cold, but 
is re-precipitated completely on boiling. Some precipitation occurs 
also at ordinary temperature after a time; this is quite marked in 
two hours, but is not complete even after four days. 

The precipitate which occurs on heating the carbonate solution 
does not dissolve on cooling. It is zuso/ub/e in sodium citrate or 
tartrate. It is so/udle in dilute acids, even tartaric, and with some 
difficulty in hot ammonium oxalate. 

The precipitation of the carbonate is prevented by citrate and tar- 
trate, not by ammonium oxalate. The citrate mixture precipitates 
completely on boiling, incompletely on standing (two days). The 
tartrate mixture does not precipitate by boiling or standing. 
~ The solution of thorium carbonate in sodium carbonate ts precipitated 
at once and at room temperate by NaOH, not by Na,HPO,, NaF, or 
proteids. 

5. NaHCO, causes a precipitate which is difficultly so/wb/e in hot 
ammonium oxalate. It also dissolves sparingly in an excess of 
NaHCO,. This solution re-precipitates completely on standing or 
boiling, the precipitate dissolving readily in dilute acetic acid. 

6. K,80,, in saturated solution, precipitates immediately and com- 
pletely (double sulphate, Th(SO,), * 2K,SO, + 2H,O and Th(SO,), ° 
4K,SO, + 2H,O).' The precipitate is zzso/udb/e in excess of the re- 
agents, and in 25 per cent sodium citrate, cold or boiling, even after 
prolonged washing. It dissolves very slowly in cold water. It is 
soluble in dilute acids, even tartaric, the solution being hastened by 
heating; also in boiling water and in hot ammonium oxalate.’ 

7. Na,HPO, causes complete precipitation (Th,(PO,), + 4H,O). 
The precipitate is zzso/ub/e in dilute hydrochloric acid and in acetic, 
citric, and tartaric acid, and in sodium citrate and tartrate. These 
acids also do not prevent the precipitation of the phosphate. When 
an equal volume of 5 per cent HCl is added to a suspension of the 
phosphate, and the mixture heated or allowed to stand, the precipi- 
tate becomes gelatinous, but does not dissolve. When an equal 
volume of 30 per cent HCl is added to a suspension, the precipitate 
dissolves, and remains in solution on diluting. The phosphate is also 
soluble in hot ammonium oxalate. 


1 P. E. BROWNING: Introduction to the rarer metals. J. Wiley & Sons, 1904. 

2 The neutral thorium sulphate (Th(SO,),) is said to be soluble in ice-water, 
but to precipitate at room temperature, re-dissolving in ice-water only after 
calcination. 
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The precipitation of the phosphate is prevented by citrate, car- 
bonate or oxalate, zot by tartrate. The citrate mixture precipitates 
completely on boiling or prolonged standing, or by adding HCl, but it 
is not affected by citric or tartaric acid or NaOH. 

8. NaF causes complete precipitation (ThF, + 4H,O. Double 
salts may also form, Browning). The precipitate is zuso/ub/e in HCl, 
even when concentrated and boiling; in acetic or citric acid or 
sodium cifrate. It dzsso/ves in hot ammonium oxalate. 

The precipitation is prevented by sodium citrate or carbonate or 
ammonium oxalate, zot by tartrate. The citrate mixture does not 
precipitate by boiling or standing (difference from phosphate). HCl 
gives a precipitate, insoluble in excess. The precipitate in the 
tartrate mixture is soluble in 5 per cent HCl. 

g. Oxalic acid precipitates the thorium almost, but not quite 
completely (the filtrate giving a slight turbidity with NaOH). The 
precipitate Th(C,O,), + 2H,O is practically zmso/udb/e in oxalic acid 
and in citrates and tartrates. When a suspension of thorium oxalate 
is heated with one-third volume of concentrated HCl, a trace dis- 
solves, precipitating again on cooling. 

The thorium oxalate is readily and completely so/ub/e when heated 
with fairly concentrated solutions of oxalate of ammonium, potassium, 
or sodium, remaining in solution on cooling. Warm or even cold 
ammonium oxalate solutions also dissolve the thorium oxalate, but 
quite slowly. 

The solution of thorium oxalate in ammonium oxalate is precipi- 
tated by HCl, and also somewhat by excess of oxalic acid. It is 
precipitated quantitatively by NaOH or NH,OH, redissolving on 
neutralization. (This may be utilized for the quantitative estimation. ) 

The precipitation of thorium nitrate by oxalic acid is not prevented 
by citrate or tartrate, if only sufficient of these salts have been added 
to the thorium to redissolve the thorium citrate or tartrate precipi- 
tate. The precipitation in this case is complete. If, however, a large 
excess of citrate or tartrate is used (equal parts of 25 per cent solu- 
tion of sodium citrate or tartrate, and of 1 per cent thorium nitrate), 
the precipitation is prevented, even on boiling. The addition of HCl 
to this solution causes complete precipitation. 

10. Ammonium oxalate produces with thorium nitrate a precipitate, 
which is zusoluble in excess of thorium nitrate; and in dilute HCl 
even on boiling. It dissolves readily in an excess of ammonium 
oxalate on heating, especially if the solution is concentrated ; it is 


d 
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also soluble in concentrated HCi, being precipitated by further 
addition of oxalic acid. It dissolves also in 25 per cent sodium 
potassium tartrate. 

The solution in excess of ammonium oxalate is precipitated by 
NaOH, Na,COs,, or oxalic acid; it is not precipitated by Na,HPO,, 
NaF, egg-white, blood, alkali albumen, sodium caseinate, or Witte’s 
peptone. 

The precipitation of thorium nitrate by ammonium exalate is 
prevented by citrates and tartrates, cold or hot. With a thorium- 
sodium carbonate ammonium oxalate mixture, precipitation occurs 
only on boiling. 

Im Citric and tartaric acid, and acid sodium citrates and tartrates 
produce precipitates with thorium nitrate. The precipitates are zxso/- 
uble in excess of thorium and in acetic acid. They are so/ud/e in 
excess of the precipitants, in excess of dilute HCl, and in NaOH 
(being converted by the last into the more soluble neutral salts). 
The precipitation is prevented by HCl, not by acetic acid. 

The solutions in excess of the precipitants tend to precipitate on 
standing or heating, if the proportion of thorium exceeds a certain 
maximum. The heat-precipitates tend to redissolve on cooling. 
This will be discussed more fully below. 

12, Neutral citrates or tartrates cause precipitation. The precipi- 
tates are zzsoluble in excess of thorium, in acetic acid, and in NaOH. 
They are so/ub/e in excess of the citrate or tartrate and in excess of 
HCl. The precipitation is prevented by HCl, not by acetic acid. 

The solutions in excess of citrate or tartrate do not precipitate on 
standing or heating. The cautious addition of HCl precipitates the 
less soluble acid citrate or tartrate, which dissolves readily in an ex- 
cess of the acid. Acetic acid does not produce any precipitate itself, 
nor does it dissolve the precipitate caused by HCI. 

The solution of thorium citrate in sodium citrate is precipitated at 
once by oxalic acid. It is not affected at once, but precipitates 
completely on botling or prolonged standing, by NH,OH or NaOH, 
Na,CO,, Na,HPOQ,. It is not precipitated by NaF, ammonium 
oxalate, albumen, alkali albumen, blood, Witte’s peptone or sodium 
caseinate. The proteid mixtures are precipitated by acetic acid. 

The solution of thorium tartrate in sodium tartrate is precipitated 
by Na,HPO,,NaF, and oxalic acid; it is not precipitated (even on 
boiling or standing) by NtOH, NH,OH, Na,COg, ammonium oxalate, 
or the proteids mentioned in the last paragraph. 
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13. Butyric acid gives a precipitate which is ¢zso/ub/e in excess of 
butyric acid, so/ub/e in excess of thorium and in HCl. The solution 
in thorium nitrate is precipitated by NaOH before neutralization is 
reached. It is also precipitated by butyric acid. (The presence of 
thorium in the Th( NO,), — butyric precipitate was shown by wash- 
ing and testing with HCI and oxalic acid.) 

Sodium butyrate (neutral) precipitates Th(NO,),; the precipitate 
is insoluble in NaOH, soluble in butyric and other acids. 

14. Nitric, hydrochloric, formic, lactic, or acetic acids, and their sodium 
salts ; glycerine, urea, saccharose or dextrose, or acid albumen (prepared 
from egg-white) do not precipitate thorium, nor do they prevent the 
precipitation by the other reagents. 

15. Bgg albumen produces a white, curdy precipitate, so/wb/e in ex- 
cess of albumen or thorium, in sodium citrate, in NaOH, and in am- 
monium oxalate. 

Acetic acid gives a slight turbidity in the solution in excess of tho- 
rium nitrate, not in excess of albumen, 

The solution in NaOH, although strongly alkaline, does not precipi- 
tate thorium nitrate, unless the latter is in great excess. | More tho- 
rium goes into solution when the excess is added in the order: 


Albumen, Thorium, NaOH, 


than when it is in the order: 


Albumen, NaOH, Thorium. 


The precipitation of albumen by thorium is prevented by citrates, 
tartrates, carbonate, and oxalate. 

16. Alkali albumen (prepared from egg-white by heating with 
NaOH and neutralizing the excess of alkali) causes a curdy precipi- 
tate, apparently zzso/udble in excess of thorium, so/ub/e in excess of 
alkali albumen, in NaOH, and difficultly in ammonium oxalate or 
sodium citrate (much more readily in the oxalate than in the citrate). 
The NaOH solution behaves towards thorium as in the case of 
albumen. 

The precipitation is prevented by the same reagents as in the case 
of albumen. 

17. Blood (defibrinated, dog’s, diluted with four volumes of water), 
causes a precipitate (see below), so/ub/e in excess of blood, sodium 
citrate and ammonium oxalate (see remarks under alkali albumen) 
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and NaOH (see under albumen). The solubility in excess of thorium 
could not be observed because of the precipitation of acid hematin. 

The prevention of the precipitation is as for albumen. 

18. Caseinate of sodium (casein dissolved by the aid of NaOH) pro- 
duces a precipitate, zzso/uble in excess of casein or thorium and in 
NaOH; sparingly soluble in ammonium oxalate; solution in sodium 
citrate doubtful. 

19. Peptone Witte gives a precipitate, readily so/uble in excess of 
thorium, difficultly in excess of peptone, sparingly in ammonium oxa- 
late, sodium citrate doubtful; also soluble in 5 per cent HC! and in 
NaOH. The solution in thorium is precipitated in NaOH; the so- 
lution in NaOH by thorium. 

Discussion of the thorium reactions. — The resemblance of the tho- 
rium reactions to those of aluminium and cerium, which belong to 
the same group, is very striking. The general analogy holds true for 
the principal precipitation reactions, for the solubility of the precipi- 
tates, and for the prevention of precipitation by the presence of cit- 
rates, tartrates, etc. through the formation of strong double salts, 
although there are differences in the details. 

The principal precipitants of thorium may be classified as follows: 

1. Oxalic acid, fluorid, and phosphate. 

2. Alkalies: OH, CO,, and HCO,. 

3. Citric acid and citrates, tartaric acid and tartrates, ammonium 
oxalate; mot acetic, lactic, or formic acids. 

4. Proteids: albumen and alkali albumen, blood, casein, and pep- 
tone, zot acid albumen. Casein really constitutes a class by itself, 
however, the precipitates being much less soluble than those of other 
proteids. 

As regards the so/ubi/ity of the precipitates, the first class is gener- 
ally insoluble in aczds, whilst the other classes are generally soluble. 
To this, however, there are some exceptions : Of Class 1, the oxalate 
is sparingly soluble in concentrated hydrochloric acid, the phosphate 
freely so; but the latter forms a peculiar gelatinous precipitate in the 
presence of dilute hydrochloric acid. 

In Class 2 (alkalies) the decreasing solubility in organic acids is 
worthy of notice; of these, acetic acid is the most powerful solvent, 
whereas it fails entirely to dissolve the precipitates of Class 3 (citrates, 
etc.). NaOH dissolves only the precipitates of the fourth class (pro- 
teids) with the exception of casein. This and all the precipitates of 
the first three classes are insoluble in NaOH. 
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The most remarkable character of the thorium precipitates is their 
universal solubility in concentrated ammonium oxalate solution, espe- 
cially on heating. Cztrates and tartrates, although they prevent pre- 
cipitation in many instances, do not dissolve the formed precipitates, 
except in Class 4. The casein precipitate is again insoluble. 

Double salts : solubility in excess of precipitant. — Through the ten- 
dency to the formation of double salts, many precipitates are soluble 
in an excess of the reagents, as follows: 

” The precipitates are 

I. Insoluble in both precipitant and thorium: oxalic acid, fluorid, 
phosphate, sulphate, hydroxid, casein. 

2. Soluble in the precipitant, insoluble in thorium: carbonate, bicar- 


bonate, citrate, tartrate, ammonium oxalate, alkali albumen. 


3. Soluble in both precipitant and thorium: egg-white, blood, pep- 
tone. 

These double salts or solutions of thorium in excess of precipitant 
generally resist precipitation by other reagents. The double thorium 
sodium citrate is not precipitated at once by any of the precipitants, 
although a large excess of the citric acid is needed to prevent the pre- 
cipitation by oxalic acid. The double tartrate is precipitated only by 
the fluorid and phosphate, and oxalic acid; the double carbonate and 
the double oxalate are precipitated by these, and by sodium hydrate, 
and the oxalate also by sodium carbonate. The solution of thorium 
in proteids is not precipitated by sodium hydrate. 

The addition of acid appears to disrupt these double salts, so that 
the thorium again becomes precipitable. Thus the mixture of sodium 
phosphate or fluorid with thorium sodium citrate is precipitated at 
once on the addition of dilute hydrochloric acid. A/kalzes do not 
cause this decomposition, with citrates or tartrates, so that there is no 
change; but they do precipitate the double carbonate or oxalate. 

The double salts seem to be rather unstable in solution, tending to 
precipitation, on heating or prolonged standing, perhaps by hydroly- 
sis, even when no reagent is added. 

The phenomenon is seen most strikingly with the carbonate and 
bicarbonate. It is absent with the double oxalate and with the neu- 
tral citrate and tartrate. Acid citrates and tartrates tend to precipi- 
tate on prolonged standing, unless a fair excess of the organic acid or 
its salt is present. These acid double salts present another peculiar 
phenomenon, namely, that they require a much greater quantity of 
the organic acid at the boiling temperature than in the cold. A _bal- 
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anced mixture of thorium and citric or tartaric acid, or their acid salts, 
prepared at room temperature, will precipitate on boiling, and tend to 
redissolve on cooling. The completeness of the re-solution on cool- 
ing depends on the preponderance of the citrate or tartrate over the 
thorium. This phenomenon will be discussed in greater detail below 

Heating or prolonged standing also affects in a similar manner the re- 
sistance of the double salts to other prectpitants. Next to the double 
carbonate, the double citrate (neutral) is the most subject to this de- 
composition, whilst the double tartrate is not affected, and the oxalate 
combination is even more firm. 

The double thorium-sodium-citrate, which is not affected imme- 
diately in the cold by any of the common precipitants, is precipitated 
at once on boiling, or slowly on prolonged standing, by: Na,HPO,, 
NaOH, Na,CO,, and NaHCO,. It is not precipitated, even under 
these conditions, by oxalic acid, sodium fluorid, ammonium oxalate, 
citrate or tartrates, or any of the proteids. 

Detailed study of the citrate and tartrate reactions. — The re-solution 
of the thorium precipitate in an excess of the precipitant was stud- 
ied more intimately for these two reagents. When a solution of 
TH(NO,), is added to a solution of neutral sodium citrate or tartrate, 
a dense precipitate occurs, which re-dissolves readily in an excess of 
the citrate or tartrate. The solutions still show an acid reaction to 
litmus. A definite quantity of citrate or tartrate is required to 
re-dissolve a given amount of thorium, independent of the quantity 
of solvent; for instance, 1 gram-molecule of Th(NO,), requires 1.3 
gram-molecules of Na,C,H.O-, no matter whether they are mixed in 
I per cent or in 10 per cent solution. 

The end reaction is not quite sharp, since the precipitation and 
resolution require a little time; the sharpness can be improved by 
heating. 

Acid citrates or tartrates, and the free citric and tartaric acid, be- 
have similarly; but a much larger quantity is required to re-dissolve 
a gram-molecule of thorium, the larger the less alkali is present 
(see below). 

When thorium is dissolved in a just sufficient quantity of the acids 
or acid salts, a small quantity is deposited slowly on standing, and a 
much larger quantity precipitates immediately on boiling, re-dissolving 
on cooling. These precipitates are absent if the citrates or tartrates 


are added in large excess. 


} 
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Quantity of citrate or tartrate required to dissolve one gram-molecule 
of thorium. — To test this point a I per cent thorium nitrate solu- 
tion was added to a mixture of citric or tartaric acid and sodium 
hydrate, until the first appearance of a permanent turbidity. As 
noted above, the results are not quite accurate, since the precipita- 
tion and solution are not completed at once; but a fair approxima- 
tion was secured by averaging repeated experiments under some- 
what varying conditions. The following results were obtained 

0.520 gm. of citric acid (H;C,;H;O; * HO) in 10 c.c. of water 
plus c.c. NaOH, plus c.c. 1 Th(NO;),* 12 H.O. 


I no precipitate in cold, even on standing. 


12.7 = beginning precipitation, immediate. 


1.0 = no precipitation on boiling 
1.8 precipitates "7 
= NaH.C,H,O,) 32.2 = precipitation begins on boilin 
3.4= ended 
= Na,HC,H.O;) 48.0 = begins on boiling 
( = Na,C,H;,0O;) 88.0 = 
.5136 gm. of tartaric acid (HsC,H,O,) in ro c.c. of water. 
only turbidity in cold 
no precipitate in cold on st 
= slight 
no precipitate on boiling. 
beginning precipitation on 
3-45 (= NaHC,H,O,) 
3-45 end of 
6.9 | Na.C,H,O, 84.5 = beginning 
6.9 100.0 end of 


Using the numbers in heavy type, one gram-molecule of Th’ NO,), require 
Jor re-solution: 


Immediately or on standing, in cold . gm. mol. } 

Boiling 
58 Na,HC,H,0, 


Immediately in cold 
Standing “ ‘ 66 H,C,H,O 
Boiling 
NaHC,H,O 
“ Na,C,H,O 


$35 
| 
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To complete precipitation there are required about: 


3-210 gm. mol. of NaH,C,H,O, 


We had hoped that the determination of these molecular equiva- 
lents would enable us to establish formulas for these double salts ; 
but it appears that the conditions are too complex. For instance, 
the simplest compound which could be harmonized with the ratio 
of thorium to sodium tartrate would be: 20 Th(Ta), + Na,Ta; for 
the sodium citrate, 5 Th,(Ci), + Na,Ci. With the acid salts such 
speculation appears quite hopeless. 

We also attempted to isolate the double salts by crystallization, but 
with no better success. The spontaneous evaporation of all the 
balanced mixtures yielded large feathery or rosette-formed crystals, 
but solutions containing 1, 5, 10, and 20 c.c. of 1 per cent thorium 
to 0.520 gm. of citric or 0.514 gm. of tartaric acid yielded identical 
uniform crystals on evaporation. 

Effect of prolonged standing on citrate and tartrate mixtures. — When 
the amount of citrate or tartrate in a mixture is just barely suffi- 
cient to re-dissolve the thorium precipitate, a small part of the tho- 
rium is gradually deposited, but with extreme slowness. Thus, in an 
NaH,Ci— Th solution, the first turbidity occurred after eleven days, 
and recurred each time after filtering (four filtrations at weekly inter- 
vals). In other cases the precipitation (of a portion of the thorium) 
was completed in five days, so that the turbidity did not recur on 
filtering. 

Effect of boiling on the mixtures. — Solutions in Na,Ci, Na,HCi, 
and Na,Ta do not precipitate on boiling, even when saturated with 
thorium. Solutions in NaH,Ci, H,Ci, NaHTa, and H,Ta precipitate 
on heating when the quantity of thorium exceeds a certain limit, 
which is very near the saturation limit for the acid salts, but which 
for the free acids lies considerably below the saturation limit in the 
cold. 

For instance, 0.520 gm. of citric acid will re-dissolve 0.127 gm. of 
thorium nitrate; but a solution containing only 0.018 gm. will pre- 
cipitate on boiling, whilst one containing only 0.01 gm. will not 
precipitate. 

0.5136 gm. of tartaric acid re-dissolves 0.10 gm. of thorium nitrate ; 
0.028 precipitates on boiling; 0.01 does not. 
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The heat precipitates tend to re-dissolve on cooling, but this solu- 
tion is often very sloW and imperfect, according to the excess of 
thorium. 

A rather peculiar phenomenon, for which we can offer no explana- 
tion, is that crystallization of the compounds lessens their liability 
to heat precipitation when they are re-dissolved; mixtures contain- 
ing only a moderate excess of thorium may not precipitate at all 
under these conditions, as, for instance, the tartaric acid mixture, 
containing 0.05 gm. of thorium nitrate. 

Effect of acidulation.— The cautious addition of dilute hydro- 
chloric acid to a sodium citrate solution converts it into citric acid, 
in which thorium is less soluble; there is consequently precipitation 
proportional to the quantity of thorium present, and hence, in a 
balanced solution, proportional to the alkalinity of the original citrate. 
In citric acid mixtures the hydrochloric acid produces no precipitate, 
nor in any of the tartrates. 

Dilute acetic acid does not decompose the citrate, so that there 
is no precipitation. Concentrated acetic acid precipitates only in the 
neutral citrate. 

The precipitated thorium citrate is readily soluble in dilute hydro- 
chloric acid, insoluble in acetic acid. Adding an excess of HCl 
therefore prevents precipitation by excess of thorium, whilst acetic 
acid does not. 


I]. THe QuaANTITATIVE ESTIMATION OF THORIUM. 


The precipitation of thorium by oxalic acid, and the ready solubility 
of the precipitate in hot concentrated ammonium oxalate solution, 
distinguishes this metal from all others, and furnishes a convenient 
method of isolation and of quantitative estimation. If the precipita- 
tion is made in an acid medium, the presence of citrates, etc., does 
not interfere. The simplest quantitative method is therefore as 
follows: 

Method A.— The solution is strongly acidulated with hydrochloric 
acid, and treated with an excess of oxalic acid solution. The mix- 
ture is heated and filtered, and the precipitate is washed with a small 
quantity of distilled water, and dissolved in a boiling saturated solu- 
tion of ammonium oxalate. The solution is filtered and again pre- 
cipitated by acidulating strongly with hydrochloric acid. The 
precipitate, consisting of thorium oxalate and oxalic acid, is washed, 
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calcined, and weighed as thorium oxid: 0.3796 gm. of ThO, = 1 gm 
Th(NO,), 12 H,O. 

This method is not quite accurate, since thorium oxalate is slight]) 
soluble in hydrochloric acid. This fallacy can be avoided by either 
method B or C. 

Method £.— Al\\ the filtrates of method A are evaporated to a 
small bulk, and this concentrated solution is again put through the 
method A, the result being added to the former. 

Method C.— The ammonium oxalate solution in method A is pre- 
cipitated by ammonium hydrate instead of hydrochloric acid; the 
hydrate of thorium being less soluble than the oxalate. 

this method contains another source of error, since the pre- 
cipitated hydrate entrains other matter, and retains this so tena- 
ciously that it is not quite pure even after prolonged washing, so 
that the results are generally rather high. This is also true of the 
oxalate, but to a less degree. 

Notwithstanding these criticisms, these methods yield fairly satis 
factory results, not only in pure solutions, but also in the presence of 
urine and of citrates, as shown in Table I. 

With urines, however, it was found that the organic matter was 
rather disturbing, since it discolored the filtrates and adhered to 
every precipitate. It was therefore destroyed by incineration. When 
this is not too prolonged, the residue dissolves very readily in dilute 
hydrochloric acid; but for safety we resorted to fusion with acid 
sodium sulphate. 

The method finally adopted for urines is therefore as follows: 

The urine is rendered strongly acid with concentrated hydrochloric 
acid and heated. This dissolves the precipitates which are commonly 
present in the urine, and darkens its color. This solution is filtered, 
and to the filtrate and washings a saturated solution of oxalic acid is 
added in excess, whilst the solution is still hot, and it is then set 
aside for a few hours, until it has cooled and the precipitate has well 
settled. The solution is then filtered. The minute traces of thorium 
which could escape into the filtrate are disregarded. The filter 
and precipitate are dried and calcined, and this residue is fused in a 
porcelain crucible with some acid sodium sulphate. The fused mass 
is treated with distilled water and filtered. The solution was then 
treated according to methods A and B. 

For the determination in feces, we followed at first the same method 
as for urines. Later, however, we adopted the plan of first incin- 
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erating the feces by placing them on a piece of fine wire gauze, and 
applying the Bunsen flame beneath. This ash was then fused with 
the acid sodium sulphate, dissolved in distilled water, filtered, and 
treated according to methods A and B. 

For the determination in tissues, the minced material was first 
digested by the Fresenius-Babo method. The filtrate was treated 
by methods A and B; the insoluble residue was incinerated and 
fused with the acid sodium sulphate and then treated by A and B. 

This method, however, gave negative results, as shown by the fol- 


lowing protocols: 


Guimea pig No. 1, weighing 400 gm., was injected subcutaneously with 5 c.c. 
of a thorium sodium citrate solution (= 0.125 gm. of thorium nitrate). 
The animal was placed in a porcelain dish and covered with an open 
bell-jar. It was killed with chloroform after two days, and the whole 
body treated as just described. No thorium was recovered. The urine, 
treated by method B, was also negative. 

Guinea pig No. 2, 365 gm., was injected with the same quantity of 
thorium sodium citrate. It was killed immediately, and the body digested 
by the Fresenius-Babo method. The filtrate was precipitated by oxalic acid. 
This precipitate was incinerated lightly and dissolved in hydrochloric acid, 
in which it was completely soluble. This solution was treated by methods 
A and B. 

The filtrate from the original oxalic precipitation was evaporated to 
dryness, incinerated, dissolved in hydrochloric acid, and treated by 
methods A and B. 

The residue containing the undigested tissue and fat was incinerated 
and fused with acid sodium sulphate. This was not completely soluble. 
The solution was treated by A and B. 

None of the solutions yielded any thorium. 


Our method, therefore, although satisfactory for pure solutions and 
for thorium added to urines and feces, failed completely with tissues. 
We have no explanation to offer for this failure. It naturally arouses 
a doubt whether our method is always reliable for urine and feces. 


III. THE ABSORPTION AND EXCRETION OF THORIUM. 


We administered thorium, either in the form of nitrate or of the 
double citrate, to a series of animals, by various channels, and esti- 
mated the quantity excreted in the urine and feces. The results are 


summarized in Table II. 
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When the thorium was administered by stomach, it was found in the 
feces, but not in the urine. When it was injected into the muscles 
or veins, none was found in the feces, but a considerable proportion 
could generally be recovered from the urine. ~ 

The excretion by the urine was always completed by the second 
day; by the feces, by the fourth day, and in half of the animals by 
the second day; or rather our method failed to reveal any thorium 
after this time. 

Only a portion of the thorium was recovered, ranging from 0 to 
43 percent. The apparent loss does not seem to be influenced by 
the method of administration or by the dose. 

The loss could be accounted for either by retention of a part of 
the thorium in the tissues or by the faults of our methods. The 
organs were examined for thorium in a number of our animals: 
Liver (Dogs 10, 11, 14, and 15); kidneys (Dogs 10, 11,15); lungs 
(Dog 14); muscle, brain, spleen, blood serum, blood clot (Dog 11) ; 
bones (Dog 15); after intravenous administration, also the intes- 
tine and contents (Dog 11) and stomach (Dog 14). The result was 
uniformly negative. In view, however, of the uncertainties of our 
method when applied to tissues, we are unable to state whether or 
not the thorium is retained in the tissues. 

The fact that thorium was invariably found in the feces and never 
in the urine, when it was administered by the stomach, whilst the 
reverse obtained when it was injected intramuscularly or intrave- 
nously, indicates that thorium is neither absorbed nor excreted 
through the alimentary canal. This conclusion, although very prob- 
able, cannot be positive as long as we are ignorant of the fate of the 
thorium which escaped detection. 


IV. THe PHARMACOLOGIC ACTIONS OF THORIUM. 


Solutions used. — The first attempts to study the actions and tox- 
icity of thorium emphasized strongly the necessity of distinguishing 
between the local and systemic actions of the salts. Thorium nitrate, 
by its metallic ion and by the acidity of its solutions, is a powerful 
precipitant of proteids, and hence a strong astringent and irritant. 
This precipitant action can be avoided by the addition of an excess 
of sodium citrate or tartrate, or proteids, etc.,as described in the first 
section of this paper. We employed mainly the double citrate, our 
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standard thorium sodium citrate solution being prepared by adding 


40 c.c. of a 10 per cent thorium nitrate solution to 110 c.c. of a 
sodium citrate solution, of the freezing-point of a 1 per cent sodium 
chlorid solution, and containing 2.737 per cent of the anhydrous salt; 
and making up the total volume to 160 ¢.c. Each cubic centimetre 
of this solution therefore, represents 0.025 gm. of Th( NO,), ° 12 H,O 
and 0.0188 gm. of Na,C,H,O,. 

Precipitation of defibrinated dog's blood and change of hemo- 
globin. — The addition of thorium nitrate solutions to defibrinated 
blood causes a dense precipitate, curd or clot, and changes a part of 
the hemoglobin into acid hematin. This conversion proceeds rather 
slowly. (The acid hematin was identified by the change of color to 
a darker brown, giving a spectroscopic band in the red, remaining 
unchanged by hydrocyanic acid.) A stronger acid hematin spectrum 
was obtained in a mixture containing 10 per cent of blood than with 
go per cent of blood, to 0.6 per cent of thorium nitrate, the acidity 
of the salt being partly neutralized by the blood. A large excess of 
blood dissolves the thorium precipitate; a mixture containing 0.06 
per cent of thorium nitrate to 10 per cent of blood did not precipitate 
or change in color. 

The precipitation and the formation of acid hematin was prevented 
by sodium citrate, even in mixtures containing 2 per cent of thorium 
nitrate to 10‘per cent of blood, although the thorium citrate mixture 
was distinctly acid to litmus. 

Solutions of thorium nitrate in alkali albumen, tartrates, sodium 
carbonate, or ammonium oxalate also do not precipitate blood and do 
not change its color. 

Effect on blood corpuscles. — A 10 per cent thorium nitrate solution 
crenates the corpuscles of a frog; a 5 per cent solution causes little, 
if any, change. 

A mixture of 3.5 c.c. of the standard thorium sodium citrate solu- 
tion and 1.5 c.c. of water does not lake rabbits’ corpuscles. A mix- 
ture of 2 c.c. of the solution and 3 c.c. of water caused noticeable 
laking in three hours. 

Clotting of oxalate plasma. — 3 c.c. of 2 per cent potassium oxalate 
are added to 47 c.c. of fresh dog’s blood, and the mixture centrifugal- 
ized until a clear plasma is obtained. A sample coagulates into a 
firm clot within five minutes after adding a little calcium chlorid. 
Thorium citrate or the double citrate do not cause clotting, but form 
a precipitate (of thorium oxalate). 


i 
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Astringent action,— Thorium nitrate solutions have a markedly 
astringent taste; thisis almost absent in the double citrate or tartrate, 

Application to vessels of the web of the frogs’ foot, or to the mes- 
entery. — A 5 per cent solution of the nitrate constricts the smaller 
vessels, not the larger; the marginal space is obliterated; the ar- 
terial stream appears quickened. A 10 per cent solution causes a 
marked slowing, and eventually intravascular clotting. 

Action on cilia.— Thorium sodium citrate solution appears to 
cause a marked slowing of ciliary action in the frog’s cesophagus. 

Skeletal muscle, frog. — Muscle teased in 5 per cent thorium 
nitrate shrivels; in 10 per cent it becomes more contracted and 
granular. 

The whole muscle laid in the 5 per cent solution becomes whi- 
tened and hardened. No spontaneous rhythmic contractions were ob- 
served. The standard thorium sodium citrate solution also hardens 
the muscle, slowly but firmly. 

The excitability of the muscle, nerve or endings, is not apparently 
reduced when the muscle is laid into 10 per cent thorium nitrate for 
thirty minutes. Thorium sodium citrate also did not diminish the 
excitability, whereas sodium citrate lessened it noticeably. It appears, 
therefore, that thorium lessens the toxicity of the sodium citrate. 

The contractility of the muscle (height of contraction), on the 
other hand, is diminished, both by thorium nitrate (5 per cent) and 
by thorium sodium citrate, more rapidly than by sodium citrate. 

The sodium citrate had a considerable veratrin action, which, how- 
ever, was exhausted so rapidly that a second stimulation generally 
produced an ordinary, short, and lower contraction. Thorium sodium 
citrate did not have this effect. 

Effects on the frog's heart. — Thorium nitrate has very little, if any, 
effect on the frog’s heart, either when injected into the lymph sac, or 
when applied to the exposed heart, in 10 per cent solution. Tho- 
rium sodium citrate appears to be less depressant than sodium citrate. 

Effects on excised intestine. — The behavior of pieces of excised rab- 
bit’s intestines in thorium nitrate and thorium sodium citrate solu- 
tions was compared with other solutions; all the reagents (unless 
otherwise stated) being made of such a strength as to depress the 
freezing-point by the same degree as a 0.9 per cent sodium chlorid 
solution. A ;),; solution means that 1 volume of the isotonic solution 
of the salt was added to 9 volumes of 0.9 per cent sodium chlorid. 
The intestines were removed immediately after the death of the ani- 
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mal, cut in pieces about 10 cm. long, and placed in Locke’s fluid at 
38° C. Oxygen was passed through these solutions during the so- 


journ of the intestine. 
Three sets of experiments lead to the following conclusions: 


1. Better and more lasting movements were obtained with the intestines of 
chloralized rabbits, placed in oxygenated Locke's fluid with the addition 
of blood, than with those of morphinized rabbits when placed in non- 
oxygenated solutions. With the former, vermicular movements continued 
over two hours. In the absence of oxygen they are quickly arrested. 

2. Oxygen greatly improves the movements. 

3. Vermicular movements were obtained in sodium citrate, sulphate, chlorid, 
and Locke’s fluid, in this order (the movements being strongest and most 
persistent in Locke’s solution, least in the citrate). 2) per cent NaCl 
also causes vermicular movements. 

In some cases the movements in the citrate and sulphate were arrested in a 
short time, the intestine becoming relaxed and responding poorly to pinch 
ing. Replacement in Locke’s solution caused recovery. 

4. Tetanic contracture, preceded by vermicular movement, was observed in 
1 per cent thorium nitrate in sodium citrate. made isotonic with NaCl; in 
ro per cent BaCl, ; and in 1 per cent thorium nitrate made isotonic with 
NaCl. 

The effect was weakest with thorium sodium citrate, strongest with the thorium 
nitrate ; barium being intermediate. 

The pieces which had been in the barium or thorium sodium citrate, when re- 
placed in Locke’s fluid, relaxed and resumed the vermicular movements. 
Those which had been in thorium nitrate remained contracted in Locke’s 
fluid, being apparently coagulated. 

5. The vermicular movements provoked by Locke’s fluid, sodium chlorid, sul 

phate or citrate, or 2} per cent sodium chlorid ; as also the tonic con- 

tracture produced by barium chlorid or thorium sodium citrate, are 
arrested when the pieces are transferred to y, CaCl,; ;45 MgCl,; iso 
tonic MgCl,. 

The movements resume when the pieces are placed in Locke’s fluid. 

The contraction produced by thorium nitrate is not relieved by these solutions. 

6. Urea causes at first vermicular movement, then tetanic contraction, then 
relaxation and stoppage of movements. These resume in Locke's fluid. 

7. Distilled water arrests the movements, and these do not resume in Locke’s 


fluid. 


It appears from these results that sodium citrate produces ver- 
micular movements; thorium sodium citrate, vermicular movements 
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followed by tonic contraction; with thorium nitrate, this passes into 
coagulation. 

Action on bacteria. — Thorium nitrate has some bactericidal action ; 
the double citrate little, if any. It is not possible to say what part 
of the action of the nitrate is due to the thorium, and what part 
to the acidity. 

Action on mould. — Mould developed readily in solutions containing 
2} per cent of thorium citrate, but it was never observed in 1 per cent 
thorium nitrate when dissolved in distilled water. 

Experiments on intact frogs.— These experiments are shown in 
Table III. When the nitrate is injected hypodermically (or rather 
into the dorsal lymph sac), there is considerable local irritation, and 
probably, as a result of this, some increase of respiration, which be- 
comes more labored. Later, the respiration is slowed, and the animal 
may be more or less paralytic. Commonly, however, there are few 
symptoms. The animals to which the dry nitrate was administered 
by stomach (by wrapping it in tissue paper and forcing this down the 
cesophagus) also showed but little effect until death occurred, after a 
variable period. On autopsy the intestines were found congested, 
sometimes with hemorrhages; but this observation is probably with- 
out significance, for a “red leg” epidemic prevailed when these ex- 
periments were made (March, 1904), so that some control animals 
showed identical lesions (No. 11), whilst they were absent in one of 
the thorium frogs (No. 9). 

The dose of thorium which proves acutely fatal is quite high. The 
frogs were not weighed, but accepting the average weight as 30 gm., 
the acutely fatal dose may be represented as 


Per frog. Per gram of body weight 


> 20 mg. >o.6 mg. 
Thorium nitrate, lymph sac 
<3 
mouth 


Thorium sodium citrate by lymph sac >18.75 mg. 


As will be seen, a considerable proportion of the frogs died some 
days after the administration ; but it is doubtful, on account of the 
epidemic, whether this delayed fatality can be ascribed to the thorium. 

Effects of intravascular injections of thorium nitrate solutions on the 
dog. — The animals were anesthetized with morphine and ether, and 
arranged for blood-pressure tracings, etc. The injections were made 
into the distal end of the femoral artery (six experiments) or into the 


>o.6 
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cardiac end of the femoral vein (twelve experiments). Five animals 
were used. 

The arterial injections produced either no effect, or slight increase 
of heart rate, blood pressure and respiration. In one case there was 
also some diuresis, in the others not. Even very large doses (two 
injections, each of 0.084 gm. per kg., Dog 3) did not lower the blood 
pressure or result in other deleterious effects within several hours. 

The zxtravenous injections either produced effects entirely analogous 
to those of the arterial injections, 7. ¢., mainly negative; or prompt 
arrest of the heart, followed closely by arrest of respiration. The 
quantity necessary for this result was variable, but generally in in- 
verse ratio to the concentration and to the rapidity of injection. The 
smallest fatal quantity is recorded in Dog 3, namely 0.0084 gm. per 
kg 


g., injected as 0.6 per cent solution, in one-fourth minute. A pre- 


vious injection of the same dose of the same solution, but extended 
over four minutes, had no effect. The largest non-fatal intravenous 
injection was observed in Dog 4, namely, 0.014 gm. per kg., as 6 per cent 
solution, extended over one minute. The autopsies showed a very 
dark appearance of the blood, intestinal congestion, and acute con- 
gestive nephritis. 

The fatal result is to be explained by intravascular clotting, which 
generally involves the heart when the injection is made into the 
veins. This will not occur if dilute solutions are used, or if the in- 
jection is made slowly, since thorium is soluble in excess of blood. 
The arterial injection also causes coagulation, but this is confined to 
unimportant areas. 

Immediate cffects of the intravenous injection of thorinm-sodium ctt- 
rate and of sodium citrate. — The injections were made into the car- 
diac end of the femoral vein of anesthetized dogs. The solution used 
consisted of the standard thorium sodium citrate (2.5 per cent tho- 
rium nitrate, 1.88 per cent of anhydrous sodium citrate), and sodium 
citrate solution isotonic with 1 per cent NaCl (2.737 per cent of 
anhydrous citrate); in some of the experiments a sodium citrate solu- 
tion of 1.88 per cent was used. The number of the experiments and 
the dosage will be found in Table IV. 

The effects were practically identical for the two solutions, so that 
it may be concluded that thorium has no effect on the circulation or 
respiration. 

Both the thorium and the sodium citrate, in sublethal doses, cause 
a moderate fall of blood pressure, with rapid recovery and rise above 
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normal. The heart rate was somewhat quickened. The respiration 
was increased, either in rate or depth, then depressed. Muscular 
twitchings occurred. 

No acute fatality occurred with the thorium solution. Indeed, the 
results indicate that it lessens the toxicity of the sodium citrate; but 
the latter appears so variable, depending on the rate of injection, that 
the results are not absolutely conclusive. Fatal doses of sodium 
citrate cause arrest of respiration, followed promptly by stoppage of 
the heart. 

The autopsy, with both solutions, showed strong congestion and 
hemorrhages in the intestine. This cannot therefore be referred to 
the thorium. 

The usual results are illustrated by the following protocols 


THORIUM SopiumM CIrRaTE INJECTIONS. 


Dog 7. — Weight, 7.5 kg. The animal exhibits convulsive movements. 


9-41 A.M. Pressure, 117 mm. of Hg. ; heart, 120 per minute. 
9-43 t0 9.46. First injection of thorium sodium citrate, 20 c.c. .5 gm. 


of thorium nitrate. 


Pressure at 9.47 = 10 


The pressure falls 25 mm. during the injection, but recovers rapidly. 
7 


at 9.50 = 123. 
9-50 t0 9.53. Second injection. 29 c.c. = 0.725 gm. 

The pressure again falls rapidly by 18 mm., and shows little tendency 
to recover. 

9.57. Pressure, 95 ; heart, 120. 

10.09. Pressure, 81; heart, 140. 

10.11 to 10.13. Third injection, 50 C.c. = 

The same phenomena are repeated. 

10.12. Pressure, 64. 

10.144 to 10.16}. Fourth injection, 50 c.c. = 

This causes a slight rise of pressure. 

10.16. Pressure, 78: 

10.17 to 10.184. Fifth injection, 51 c.c. = 1.275 gm 

This produces practically no effect ; it is followed by a slight rise. 

10.30. Pressure, 88; heart, 112. 

10.30to 10.32. Szxth injection, 50 C.c. 

The result agrees with the fifth injection. 

10.44. Pressure, 107; heart, 140 

10.44 to 10.47. Seventh injection, 50 c.c. = 1.25 gm. 

The result agrees with the fifth and sixth injections. 


The convulsive movements were increased by the injections, 
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readily controlled by ether. The respirations increased during each 
injection. 

The animal received in all 300 c.c. of solution = 7.5 gm. of thorium 
nitrate, or 1 gm. per kg., and 0.74 gm. per kg. of sodium citrate, without 
any material effect. 

The wound was sutured, but the animal died during the night. The 
intestines were found hemorrhagic ; but little significance can be attached 
to this, since dogs 8 and g, injected with sodium citrate alone, showed 
similar appearances. These may have been associated with the presence 


ot animal parasites. 


SopiuM CITRATE INJECTION. 


Dog 9. Weight 8 kg. 9.27 a.M.: Pressure, 108 ; heart, 110; respira- 
tion, 20; at 9.30, respiration, 16. 

9.30 to 9.324. First injection, 50 c.c. of sodium citrate solution, 

-737 per cent. The blood pressure at first rose, then descended dur 
ing the injection; after the injection it showed a further rise. The 
heart was markedly quickened. 

9.314. Heart, 160. 

9-35- Pressure, 127; respiration, 15. 

9-35} to 9.40. Second injection, 50c.c. The pressure fell to 70; pulse 
waves lowered. 

9-41. Pressure, 88; respiration, 10, regular, very deep. 

9-43- Pressure, 94: rhythmical twitchings of muscles at rate of 120 
per min. 

9-45- Respiration, 16, deep. 

9-464 to 9.51}. Third injection, 150 c.c. This caused a moderate 
fall of blood pressure; the respiration was at first slowed, but quickened 
during the injection. The pressure recovered promptly after the injection 
was stopped; the respiration remained quickened. 

9-474. Respiration, 10, very deep. 

9.49. Heart, 120; twitchings have partly disappeared. 

9.51}. Respiration, 20. 

10.00. Pressure, 94; heart,124; respiration, 20, very deep. Fibrillary 
twitching of muscles. 

10.015 to 10.05}. Fourth injection, 200 c.c. The injection had at 
first very little effect; but soon the respiration became irregular, then 
slowed, then stopped (10.64). The pressure showed a strong asphyxial 


rise and then the fall to zero. Artificial respiration, inaugurated at 10.7, 


did not save the animal. 
Including the third injection, the animal had received 6.843 gm. of 
sodium citrate (= 0.855 gm. per kg.) without serious effect. The fourth 


injection, making a total of 1.540 gm. per kg., proved fatal. 
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Late effects of the intravenous injection of thorium sodium citrate and 
of sodium citrate. — Although the injection of thorium sodium citrate 
is practically devoid of any immediate serious results, the animals 
are commonly severely depressed for some hours or days after the 
injection, and many succumb with ill-defined symptoms within the 
first twenty-four hours; but those which recover and survive for a 
period of three days live for an indefinite time. They are, however, 
subject to disturbances of nutrition, frequently connected with severe 
ulceration of the mouth, which greatly aggravates the condition. The 
animals became excessively emaciated and very miserable, and had 
to be killed on this account. 

The autopsy of the survived animals is practically negative for 
doses corresponding to less than 0.5 gm. of thorium nitrate 
gm. of sodium citrate per kg. This dose is generally fatal; but of 
the three animals which survived, two (Nos. 14 and 19) showed a 
remarkable deposition of calcareous material, described in detail 
under Dog 14. These dogs exhibited the buccal ulceration in ex- 
treme degree. Attempts to reproduce these conditions failed on 
account of the great acute mortality ; the only animal which survived 
(No. 23) did not show the effects. We cannot, therefore, be certain 
whether the ulceration and calcification were caused by the injec- 
tions or whether they were merely coincidences. We are also uncer- 
tain as to how far the effects were attributable to the thorium, and 
how far to the citrate. Attempts were made to execute control ex 
periments with sodium citrate alone, but most of the animals died 
during the injection. Only three survived, a number too small for 
definite conclusions. Their behavior and symptoms, however, im- 
pressed us with the opinion that the effects of the thorium sodium 
citrate injections are referable mainly, if not solely, to the sodium 
citrate rather than to the thorium. 

The fatality of the injections may be gathered from Table IV. 
With the sodium thorium citrate solution, 1 gm. of thorium nitrate 
and 0.74 gm. of sodium citrate did not cause death within some 
hours. The smallest dose-which proved fatal within one day con- 
tained, per kg, 0.33 gm. of thorium nitrate and 0.28 gm. of sodium 
citrate; the largest dose which was not fatal in a day, contained 0.5 
gm. of thorium nitrate and 0.376 gm. of thorium citrate. With pure 
sodium citrate, the smallest acutely fatal dose equalled 0.064 gm. 
The largest dose which did not prove acutely fatal was 0.855 gm.; 
0.376 gm. was survived for 33 days. These doses are calculated per 
kilogram of body weight. 
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TABLE IV 


FROM INTRAVENOUS INJECTIONS. ARRANGED BY ASCENDING Doses 
(GRAMS PER KG.) 


FATALITY 


Thorium Sodium Citrate. 


Animal: Dose per kg 
Thorium Sodium Death Killed Calcification Buccal Ulcers 


Nitrate Citrate 


0.188 eeee 6 days none none 
present 


none 


11 days present present 


24 
none 


1 day 


2 days 


1 day 


Sodium Citrate 


Animal Dose per kg. Death Killed Calcification Buccal Ulcers 


Dog 22 0.064 immediate 
0.158 
0.188 45 days none none 


Not immediately 
immediate 


33 days none 
immediate 
Not immediately 


immediately 


The calcification and buccal ulceration.— This was most conspicuons 
in Dog 14; the protocol of the experiment follows: 
Protocol of experiment on Dog 14 (showing the calcification). — Received 


0.5 gm. of thorium nitrate and 0.376 gm. of sodium citrate per kg. in- 


452 
Dog 10 0.25 
“ 15 0.44 0.32 2 days 
“ 29 
Cat 1 
Dog 7 1.0 0.74 | 
0.2 
416 0.3 
0.376 
0.855 
1540 
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travenously. I'wo and one-half hours later the animal appears very 

sick and vomits. 

Next (second) day, very sick; respiration hurried (62), with expiratory 
grunt. Heart, 128 ; temperature, 37.8. The urine dribbles constantly 

Animal is hardly able to stand and refuses food. 

Third to fifth days. Progressive improvement. Urine controlled, takes 
first water, later food, with relish. Occasional retching. 

Seventh day. Has eaten nothing since fifth. Nauseated and retching 

Eleventh day. Eats again, vomiting and retching present, but less 
frequent. 

Twenty-first day. Foul ulcer on lips and gums, which becomes worse. 

Twenty-fourth day. Killed. 

Autopsy. — White, hard, apparently calcareous deposits are widely 
distributed. They occur under the parietal and visceral peritoneum, in- 
cluding the under surface of the diaphragm; beneath the serosa of the 
intestines and appendix, following the course of the vessels ; also on the 
gall-bladder, none on the liver. The mucous folds of the stomach are 
filled with this material, contained especially iu the submucous layer, the 
walls being very much thickened, especially at the pyloric end and ap 
pearing as if filled with earthworms. Four small erosions extend through 
the mucosa to the muscularis. The mucosa of the intestine appeared nor- 
mal, perhaps slightly thickened. The deposit was abundant in both 
lungs, and extended over the vena cava, pericardium, and parietal pleura ; 
in the heart it follows the course of the coronary arteries. It is absent 
from the valves. 

The mouth exhibits large necrotic areas on both lips, and numerous 
foul ulcers on the tongue. 

The chemical examination of the deposits shows the absence of thorium 
and the presence of an abundance of calcium. 

Specimens were saved for microscopic examination, but were lost 


through an unfortunate accident. 


The introduction of thorium nitrate by stomach tube into dogs (two 
experiments) does not produce vomiting or any other immediate or 
late effects, even in doses of 1.25 gm. In rabbits (two animals) it is 
similarly ineffective, with a dose of 1 gm. per kg. 


g., or with 0.5 gm. per 


kg., repeated four times at intervals. 

The hypodermic injection of thorium nitrate into a rabbit causes 
severe local sloughing and slowly healing ulcers, but no systemic 
effects, in the dose of 0.2 gm. per kg. Another animal died thirty- 
six days after the injection of 1 gm. per kg.; but in view of the 
general negative results, the death can scarcely be referred to the 
systemic action of the thorium. 
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The intraperitoneal injection of thorium nitrate into two rabbits, in 
doses of 0.5 and 1 gm. per kg., kills in three to seven days, with the 
phenomena of peritonitis. This is the probable cause of death rather 
than by any systemic actions. 

The intramuscular injection of thorium sodium citrate. — A dose 
corresponding to 0.25 gm. of thorium nitrate per kg. produced severe 
diarrhoea, but no other effect for fourteen days, when the rabbit sick- 
ened, dying on the sixteenth day. Since the animal had been kept in 
the laboratory for over four months, and used during this time for 
many experiments, the death cannot with certainty be ascribed to 
the thorium. 

Fhe toxicity of thorium. — Deaths resulting from the administration 
of thorium cannot readily be referred to the metal; for when the 
nitrate is used, the strictly local actions must be considered; whilst 
the double citrate, which is free from this objection, raises the ques- 
tion of the apparently greater toxicity of sodium citrate. 

In fact we did not encounter a single instance in which we felt 
justified in referring death to the systemic action of thorium. The 
toxic dose of thorium can therefore only be stated as greater than 
the largest quantity which we administered, and which did not cause 
death, namely (calculated as thorium nitrate, gm. per kg. of body 
weight): 


Thorium Nitrate Thorium Sodium Citrate. 
Frog, stomach . . . Frog, lymph sac 0.6 


Lymph sac 

Dog, artery ... . 8 Dog, vein . . 1.0 gm. (immediately 
eee 0.5 gm. (after a day) 
Stomach 

Rabbit, stomach 
Muscles 


V. CONCLUSIONS. 

Thorium resembles aluminum closely in its chemical and pharma- 
cological actions. 

The precipitation reactions, the solubility of the precipitates, and 
the prevention of the precipitation by various substances, are detailed 
in the text. The formation of double, non-precipitable salts with 
certain organic salts and proteids is particularly interesting, and was 


investigated in detail for citrates and tartrates. 
Methods for the quantitative estimation of thorium were elaborated 


Pharmacologic [nvestigations on Thortum. 


and found satisfactory for pure solutions, and for thorium adde 
urine; but they proved unsatisfactory when applied to the recovery 
of administered thorium. 

When thorium is given by mouth, it can be discovered in the feces, 
but not in the urine; when it is injected into the tissues or into the 
circulation, it can be demonstrated in the urine, but not in the feces, 
indicating that it is neither absorbed nor excreted by the alimentary 
canal. 

The excretion by the urine begins promptly ; none could be demon- 
strated after the second day. 

The failure of the quantitative method to recover more than a frac- 
tion of the thorium renders the conclusions as to absorption and 
excretion insecure. 

Thorium nitrate has the properties of an astringent irritant. Its 
solutions have an acid reaction and convert hemoglobin into hematin. 
It precipitates proteids and blood, the precipitate being soluble in 
an excess of these fluids. It does not cause clotting of oxalate plasma. 
It coagulates tissues, but this action is superficial, the excitability of 
frog’s gastrocnemius or cardiac muscle being scarcely affected, even 
by 10 per cent solution. Excised intestine is at first stimulated to 
vermicular movements, then coagulated. Thorium nitrate is anti- 
septic. It has a pronounced astringent taste, and contracts the 
mesenteric vessels on local application. Its injection causes only local 
effects, according to the site of injection: subcutaneously, sloughing ; 
intraperitoneally, peritonitis; intravenously, death by intravascular 
coagulation. Its toxicity is very low, rabbits surviving 1.0 gm. per 
kilo of body weight by stomach; dogs, 0.084 gm. per kg. by artery ; 
frogs, 0.6 gm. per kg. by lymph sac. 

The precipitant, astringent, and other irritant effects of thorium 
nitrate can be avoided by dissolving it in a solution of sodium citrate. 
This solution produces effects analogous to simple sodium citrate. 

The thorium sodium citrate has little if any effect on bacteria or 
mould. It.slows the action of cilia. It does not diminish the excita- 
bility of muscle or nerve (counteracting the citrate depression). It 
lessens the contractility of skeletal muscles (counteracting the vera- 
trin action of the citrate). Its direct application to the heart does not 
cause marked depression (again counteracting the citrate). Its intra- 
venous injection affects the blood pressure, heart, and respiration but 
slightly, and in the same direction as sodium citrate ; but the toxicity 
of the latter appears to be largely decreased. Very large doses may 
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be given, corresponding to 1 gm. of thorium nitrate per kg. of body 
weight. With these large doses, however, the animal] may die after 
some hours, with lesions of hemorrhagic enteritis, presumably refer- 
able to the citrate. Animals which survive the large doses are apt to 
suffer with disturbed nutrition, and perforating ulcers of the mouth 
and cornea, and in some cases exhibited a curious calcification of 
organs. It was not possible to decide in how far these late effects 
were attributable to the thorium or citrate, or accidental. 


PRELIMINARY OBSERVATIONS ON THE POISONOUS 
ACTION OF THORIUM. 


By ARTHUR F. CHACE anp WILLIAM 


[From the Laboratory of Biological Chemistry of Columbia 


‘ollege of Physicians and Surg 
INTRODUCTION. 


NEVERAL years ago the senior author began in this laboratory a 
series of studies of the toxicological effects of rare elements. The 
first publications in this connection gave the results of an inquiry into 
the poisonous effects of tellurium.! Subsequent communications have 
presented data pertaining to the toxic influences of compounds of sele- 
nium,” radium,’ cerium,’ and several other rare elements.” Further 
studies are in progress. 


1 Gies: Philadelphia medical journal, 1901, vii, p. 566, and the Therapeuti: 
monthly, 1902, ii, p. 144; MrAp and Giles: American journal of physiology, 
1g0!, v, p. 104; Gries and collaborators: Biochemical researches, 1903, i, p. 40, 
and Reprints Nos. 20, 21, and 22. 

2 WoopruFF and Giles: Proceedings of the American Physiological Society, 
1901, American journal of physiology, 1go02, vi, p. xxix; Gies and collaborators ; 
siochemical researches, 1903, i, p. 58. 

* Gies and collaborators: Proceedings of the Society for Experimental biology 
and Medicine, 1905, ii, p. 86 ; also Proceedings of the Section of Biological Chem 
istry of the American Chemical Society in affiliation with Section C (chemistry) of 


the American Association for the Advancement of Science, 1905: Science, 1906, 


xxiii, p. 331, and Proceedings of the Americar Association for the Advancement of 


Science, 1906, lv. p. 326: BerG and WELKER: Journal of biological chemistry, 
1906, i, p. 371; BuRTON-Opitz and MEYER: Journal of experimental medicine, 
1906, viii, p. 245; MEYER: Journal of biological chemistry, 1907, ii, p. 461 
MEYER and SALANT: Proceedings of the Section of Biological Chemistry of the 
American Chemical Society in affiliation with Section C (chemistry 
American Association for the Advancement of Science, 1906: Science, 1907 

p- 459; GAGER, /did., p. 462. 

4 BAEHR and WESSLER: Proceedings of the Section of Biological Chem j 
of the American Chemical Society in affiliation with Section C (chemistry) of the 
American Association for the Advancement of Science, 1906; Science, 1907, xx\ 
p- 455. This communication includes comparative observations on neodym 
praseodymium, lanthanum, and thorium oxalates 

6 Knox and WELKER: /#id., p. 461. This report gives dat: 
effects or the growth of seedlings. Compounds of the following rare elements 
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In January, 1901, shortly before the publication of the results ob- 
tained with tellurium, and immediately after the completion of our 
study of “ ureine,” | we together began the experiments with thorium 
that are described below. Our attention was drawn to thorium at 
that time by various discussions of its radioactivity, which had been 
discovered about two years previously.* The possible importance of 
radioactivity and radioactive elements from a pharmacological stand- 
point stimulated our inclination to undertake this work, which seemed 
to be called for at that time especially, because little or no information 
had been acquired in this connection. 

Our experiments were started while the thorium of Berzelius was 
still~universally regarded as an individual element.* Our work in 
collaboration was discontinued in May, 1901, after learning of Basker- 
ville’s* and Brauner’s® announcements that the thorium originally 
described by Berzelius was a mzrture of elements. We planned, how- 
ever, promptly to resume our work in this connection with a study of 
the toxicology of the new thorium and also of derzel/ium and caro- 
/intum, names that Baskerville® has applied to two elements asso- 
ciated with the new thorium in the old thorium, but thus far this 
intention has not been realized.’ Because of this purpose, however, 
we withheld publication of our preliminary results with a chlorid of 
the old thorium. 

Two years ago we received from Professor Sollmann, for presenta- 
tion at the February meeting (1905) of the Society for Experimentai 
Biology and Medicine, a brief statement of results then very recently 
obtained by him and Dr. Brown in a study of the pharmacology of 


were used: Beryllium, cerium, cesium, “didymium,” erbium, lanthanum, neodym- 
ium, praseodymium, selenium, tellurium, and yttrium. 

1 CuHace and Girs: Medical record, 1got, lix, p. 329; GIES and col!a 
tors: Biochemical researches, 1903, i, Reprint No. 31 

2 A résumé of literature in this connection was given several years ago by 
Baskerville: Journal of the American Chemical Society, 1904, xxvi, p. 923, also 
p. 926. 

% References to preliminary doubts in this connection were made about the 
same time by Baskerville: Loc. cit., p. 926. 

* BASKERVILLE: Science, 1901, xiii, p. 827. Also, oc. cit., 1901, xxiii, p. 761. 

5 BRAUNER: Chemisches Centralblatt, 1901, (1), p. 1036. 

® BASKERVILLE: Journal of the American Chemical Society, 1904, xxvi, 
p- 922. 

7 Professor BASKERVILLE very kindly consented to give us chemically pure 
samples of compounds of these three new elements at his earliest opportunity. 
He has not yet been able to supply them. 
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thorium.! Professor Sollmann’s communication induced us to present 
at that meeting, with his results, the data of our own work in this 
connection.” We thereupon suggested to Professor Sollmann that the 
detailed results of both researches be published simultaneously, and 
proposed to him not only that we accordingly delay publication of our 
own paper on the data obtained in 1901 until he should be ready with 
his, but also that further investigation of the action of the thorium of 
Berzelius be left entirely to him and Dr. Brown. The appearance of 
this and the preceding paper in this issue of the journal occurs in har- 
mony with that understanding. Pursuant to that proposal we have 
made no additions to our experimental data, and publish them here 
as they stood when our work was discontinued in May, 1901. When 
sufficient supplies of chemically pure preparations become available, 
we hope to take up, in this laboratory, the long-purposed study of the 
toxic effects of the elements of which the thorium of Berzelius appears 
to be composed.‘ 


HISTORICAL. 


When our work was started, a review of the literature on the 
toxicology of the heavy metals indicated that, with the exception of 
a few experiments by Bokorny, nothing had been done to determine 
the effects of thorium upon organisms. Bokorny® stated that the 
following forms of lower plants and animals “could remain over a 
week entirely unharmed in 0.1 per cent solution of thorium sulfate”: 
alge, such as spirogyra, oscillaria, palmella, and diatoma; various 
zodspores; and phanerogamic plants, such as Vicia cracca (tufted 
vetch); also am@eba and infusoria. Bokorny’s references to his 
thorium experiments were very brief. Apparently only the strength 
of solution referred to above—o.1 per cent Th(SO,),— was em- 
ployed in his work. 

In one of our comparative studies of connective tissue glucoproteins 


1 BRowNn and SOLLMANN: Proceedings of the Society for Experimental 
Biology and Medicine, 1904-05, ii, p. 55. 

2 CHACE and Gigs: /did., p. 56. 

8 The results were described by Dr. CHACE in an unpublished thesis presented 
by him, in 1903, to the Faculty of Pure Science, at Columbia University, in 
partial fulfilment of the requirements for the degree of M.A. This thesis was 
deposited in the Columbia library. 

* BASKERVILLE’S observations on berzelium, carolinium, and the new thorium 
have not yet been confirmed by other investigators. 

* Boxorny: Chemiker-Zeitung, 1894, xviii, (2), p. 1739. 
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(1900),' we found that thorium chlorid in aqueous solution (5 per cent) 
precipitated mucoids? from neutral or alkaline aqueous solutions of mu- 
coid (salts), or from opalescent, acid, mucoid suspensions in water. The 
precipitates thus produced were soluble in such mixtures, when treated 
with an excess of the reagent, or of neutral mucoid (salt) solution.® 
In 1902, in our study with Loeb* on the antitoxic action of ions, 
thorium (nitrate) was used in this connection as a tetravalent ele- 
ment. We found that thorium nitrate exerted little if any anti- 
toxic effects on fertilized Fundulus eggs in 4 # NaCl solution. Wealso 
observed strong precipitative effects of our thorium nitrate solutions on 
protoplasm, as well as distinct, though not very striking, toxic influences 
on Various fishes; also on both fertilized and unfertilized Fundulus 
eggs in fresh water and in sea water. None of the latter facts were 
mentioned in the paper by Loeb and Gies,*® because these observa- 
tions had no special relation to the main results of their research. 
The following data bearing on the action of thorium are quoted for the 
first time from the notes on the experiments by Loeb and Gies (1902): 
1. Direct action of thorium nitrate on fertilized Fundulus eggs. 
Percentage of eggs that 
Nature of the solution developed embryos." 
>.c. of distilled water (control). 


.c. of distilled water + 5%, Th(NO,), 


Cy 
20 C.C. 

1 MEAD and Giles: Proceedings of the American Physiological Society, 1go1 ; 
American journal of physiology, 1902, vi, p. xxviii. Also Gres and collaborators 
Biochemical researches, 1903, i, p- 53- 

2 As thorium compounds, presumably. The results have not yet been p 
lished in detail. 

8 This fact indicates that any free HCI, that may have been present, as impurity, 
in our thorium chlorid preparation,-was too slight in amount in these instances to 
decompose the neutral salt of the mucoid that was added in excess. The amount 
of free HCl as impurity could not have been sufficient to effect the solution 
noted. 

* Lores and Gies: Archiv fiir die gesammte Physiologie, 1902, xciii, p. 246; also 
Gies and collaborators : Biochemical researches, 1903, i. p. 47 and Reprint No. 29 

Logs and Gies: /bid. 

$ After removal from the animal the eggs were immediately fertilized in sea 


water with fresh sperm. Half an hour later the fertilized eggs were lifted upon a 


small strainer and quickly transferred in portions to the series of solutions. 


Observations on the Poisonous Action of Thorium. 461 


The eggs in the thorium nitrate solutions were surrounded by 
white, opaque, precipitated matter, the depth and density of which 
were most marked in the egg, the greater the concentration of sur- 
rounding thorium nitrate. 

2. Possible antitoxic effects of thorium nitrate on fertilized Fundulus 
eggs in NaCl solution. 


Nature of the solution 
>. of sea water (control) 
>. of m NaCl (control 
+ Th(NO,),—1 c.c. 
‘. 
f distilled water (control) 
m NaCl (control 
+ Th(NO,) 


>. of distilled water (control) 
>. of 2 m NaCl (control) 


. of sea water (control) 
of § m NaCl (control) Pa 
4 


>. of sea water (control) 

>. of 2 m NaCl (control) 


“ec 


In each of the above solutions containing thorium nitrate, white 
precipitates surrounding the eggs were very conspicuous, and, as in 
the previous series, the depth and density of the precipitated layer 


1 This egg was 1 of 96. Nine days after the beginning of the experiment de- 
velopment was rapidly proceeding. As usual, this egg and those that did not de 
velop were surrounded by white precipitates. 

2 Three eggs developed in a lot numbering 163. The embryonic growth did not 
reach the distinctly pigmented stage. 


Pe entage f eggs t it 
10 
Io ‘ 
10 
B. 16 
10 > 
100 C.¢ 
D. 100 c. » 
100 C.¢ 
100 C.¢ 
100 C.,¢ C.C. 2 
100 C.Cc. = 8 C.C. 
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varied with the concentration of the thorium compound. The solu- 
tion of thorium nitrate did not yield such turbidities or precipitates 
when added, even in excess, to distilled water or 8 m NaCl solution. 

Aso! has recently shown that thorium nitrate, in proportions of 
from 10 to 100 mg. per kilo of soil, failed to manifest any marked 
action on phanerogamic plants. 


EXPERIMENTAL. 


Thorium compound employed.—\Ve used thorium chlorid in all 
our experiments. The best product that could be conveniently pur- 
chased when we began our work was a “C. P.” Schuchardt prepara- 
tion, which seemed to have very little free HCl in it and apparently 
no free chlorin.2— Aqueous solutions of the product were distinctly 
though not very strongly acid, —a condition due chiefly to hydrolytic 
dissociation and the consequent presence of the ions of HCl. 

Animals. — Our experiments were carried out on frogs and dogs. 
A mouse was also used. The protocols of the experiments are given 


below. 


First Group OF EXPERIMENTS. ON COLD-BLOODED ANIMALS 
(FrRoGs). 


Only lively, vigorous frogs were selected from a large number 
of healthy-looking ones that were available for these experiments. 
During an experiment the individual frog was kept, as a rule, in a 
tall glass jar containing a shallow layer of water. The latter was 
changed several times daily, so that the animal rested in compara- 
tively fresh water, and could not be materially affected by its own 
excretory products. From time to time during an experiment the 
animal was removed to a wet glass plate under a very large, slightly 
tilted bell-jar, with aperture at the top, in order to afford particularly 
favorable opportunity for observations of the condition of the animal 
when its movements were relatively unrestricted. Each frog was 

1 Aso: Chemisches Zentralblatt, 1904, (2), p- 49- 

2 The amount of water of crystallization in thorium chlorid preparations differs 
considerably. There is decided disagreement among the figures for composition 
of thorium chlorid products that have been obtained under approximately equal 


conditions by different investigators. Our product probably had the composition 


indicated by the formula ThCl, - 7H,O, and was doubtless prepared by the method 
described by Kriiss [Chemisches Zentralblatt, 1897, (2), p. 252). 
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kept under observation during a preliminary period for determination 
of its condition, peculiarities, if any, etc., before an experiment was 
begun. 

Unless statements appear to the contrary, each dose of thorium 
chlorid was dissolved in 1 c.c. or less of water. 

Series I. Effects of subcutaneous injection, In all of these experi- 
ments the dose of thorium chlorid was injected, at a point high up 
the back, into a lymph sinus. It was thus impossible for any portion 
of the dose to leave the body through the minute opening made by 
the needle, whether the animal remained in a sitting position or 
hopped about. 


Experiment 1. Weight of the ; m. Three doses, 5 mg. each, were 
injected at 10.35 A. M., -35 A. M., and 12.35 P.M., without eliciting any 
observable symptoms, except moderate excitement for a few minutes each 
time after the conclusion of the operation. ‘The animal was under ob- 
servation for a week afterward (see Experiment 8). Zo¢a/ dose (15 mg 
per gram of body weight was o.5 mg. 

Experiment 2.— Weight of the frog, 16 gm. One dose, 1 gm., ¢ 

The skin in the immediate vicinity of the point of injection 


sumed a shrunken appearance and soon became dry. Stupor appeared 


once and the animal sat with eyes closed. 2.50. Irritability diminishing. 


Muscles set and weak. When the legs were pulled out, several minutes 


elapsed before they were drawn back again to their usual position. When 


turned upon its back, the frog could not right itself. Shrivelled and 


anhidrotic condition of skin increasing. 3.00. All power of co-ordinated 
) 

voluntary movements lost. Tapping the nose failed to arouse 

Completely prostrated. Could be aroused only by introducing a pr 

deeply into a nostril. 3.50. Corneal reflex, as well as all other refle 

abolished. 4.05. Dead. Lived one hour and thirty-five 


dosage. Dose (1 gm.) per gram of body weight was 62 n 


mortem. Subcutaneous tissue, wherever the thorium chlorid extended, 


was hard and yellowish white. Heart-beats could be induced by mechani- 
cal stimulation. All organs appeared to be normal. 

Experiment 8. — Weight of the frog, 13 gm. One dose, 0.5 gm., at 3.25 P. M. 
3.30. Marked loss of activity. When turned on its back, the animal 
remained in that position for some time before righting, itself. Eyes 
closed. Occasionally attempted to jump, but moved ly slightly 
When on its back slight twitchings of the abdominal muscles were notice- 
able. All the muscles in a spastic condition. 3.50. When turned on 
its back was unable to right itself. Skin dry and shrunken about point of 


injection. 4.20. Complete loss of motor power. Conjunctival reflex 


464 Arthur F. Chace and William F. Gies. 


faintly elicited. Slight movement of legs when probe was ‘placed in the 
nose. 4.45- Only sign of life was a slight movement of the legs when 
the nares were irritated. 4.50. Dead. Lived one hour and twenty-five 
minutes after dosage. Dose (0.5 gm.) per gram of body weight was 
39 mg. ost mortem. Same results as those of Experiment 2. 
Experiment 4. — Weight of the frog, 13 gm. One dose, 0.25 gm., at 10.15 A.M. 
Activity at once diminished. Eyes nearly closed. 10.25. Skin dry and 
shrunken about point of injection. When turned on its back had just 
enough strength to right itself, after great effort. 10.45. Sits with eyes 
open. When irritated, crawls, but cannot hop. Skin has changed from 
a bright green to a brown color. 10.50. Very weak; unable to draw uj 


the hind legs when they were pulled out. Eyes closed; pupils contracted. 


11.00. Complete loss of voluntary motion. Loss of all reflexes about the 
eyes. Shrivelled area of skin increased. 11.15. Nasal reflexes abolished 
11.35. Dead. Lived one hour and twenty minutes after dosage. Dos: 
(0.25 gm.) per gram of body weight was 19 mg. ost mortem. Integu- 
ment changed from green to brown. Modification of tissue about the 
point of injection somewhat less marked than in Experiments 2 and 3 
Liver unusually dark. Gall-bladder greatly distended and filled with bile 
Other organs seemingly normal. 

Experiment 5.— Weight of the frog (female, with eggs), 18 gm. One dose, 
0.1 gm., at 9.40 A.M. 9.50. General weakness, especially marked in legs. 
Front legs nearly useless. 9.55. Complete paralysis of fore legs. Hind 
legs very weak. Unable to assume sitting position when turned on her 
back. Eyes closed. Skin dry and shrunken about point of injection. 
10.20. Completely prostrated. Remained in any unnatural position in 
which she was placed. Muscles stiff. 10.35. Dead. Lived fifty-five 
minutes after dosage. Dose (o.1 gm.) per gram of body weight was 
6 mg. ost mortem. Siight destruction of tissue around point of injec- 
tion. Organs apparently normal. 

Experiment 6. — Weight of the frog, 13 gm. One dose, 0.05 gm., at 2.55 P. M. 
Observations were made during eight days. 

First day. 11.00 P.M. No effect since. 

Second to eighth days. During the following week nothing abnormal! 
was noticed. (See Experiment 7 ; also Experiment 13, in which a simi- 
lar dose produced effects when given by the mouth.) 

Dose (0.05 gin.) per gram of body weight was 4 mg. 

Experiment 7. — Weight of the frog, 14 gm. One dose, 0.05 gm., at 10.25 A. M. 
Observations were made during two days. 

First day. 12.30 P.M. Skin dry. Signs of general weakness. 2.30. 
Torpid. When turned on its back did not attempt to get up. 

Second day. g a.m. Very stupid. Unable to move. 5 p.m. Dead. 

Lived thirty hours and thirty-five minutes after dosage. 
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Dose (0.05 gm.) per gram of body weight was 4 mg. ost mortem. 


Congestion of gastro-intestinal tract. Otherwise normal. 


Series II. Effects of administration per os. — In all of these experi- 
ments the dose of thorium chlorid was administered through a pipet 
with a long, narrow, blunt tip. The administration of the dose with 
this pipet could be very readily accomplished. 


Experiment 8.-— Weight of the frog, 25 gm. ‘This animal had been used in 
Experiment 1, and had receive 's of 5 mg. subcutaneously at 
10.35 A. M., 11.35 A.M. and 12.35 P. M., without observable effects, 
except excitement, due probably to local irritation. 

Three doses, 5 mg. each, were given per os, at 3, 4, and 5 P. 
noticeable symptoms, except a few peculiar head movements that aj 
to be due to irritation of the throat. The animal remained 
vation for a week afterward without exhibiting any symptoms. 

Total dose (15 mg.) per gram of body weight was 

Experiment 9.— ‘The frog (weight, 25 gm.) hi 
and 8. This experiment was begun a week after the conclusion of Ex 
periment 5. 

Eight doses, 20 mg. each, were given at irregular intervals, beginning 
at 9.50 A. M. 

First dose, 9.50 A.M. No effects except head movements « 
tation of the throat. 

Second dose, 10 M. Movements sluggish. 
outstretched. 

Third dose, 11.50 A.M. Weakness increasing. 

Fourth dose, 12.50 p.m. Decidedly weak. Inable iop. Moved 
sluggishly when stimulated vigorously. 1.30. Eyes half closed, fore feet 
turned under the body, hind legs outstretched, sides of abdomen drawn in 

Fifth dose, 2.10 p.m. Weakness still more marked. Movements lack 
co-ordination. Mouth open, eyes closed 

Sixth dose, 3.10 p.M. Falls sideways when attempting to crawl 
dry, respiration slower. 

Seventh dose, 4.10 p.M. Weakness so great that the animal 
trate on its abdomen. Eyes closed. Aroused by mechanical 

Eighth dose,’ 5.10 p.m. Fore legs do not respond 

lation, but hind legs do. 7.30. Very inert. Aroused with difficulty. 

When placed on its back remained in that position without attempting 

to turn over. When subjected to vigorous mechanical stimulation at 


tempted to rise, but failed to do so. Midnight, prostration complete. 


1 Variable, though only small proportions of most of the doses were ejectec 


shortly after administration. 
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Almost insensible to stimulation. Next morning (7 o'clock), found 
dead, prostrate on abdomen. 

Lived more than fourteen hours after the first administration. 

Total dose (160 mg.) per gram of body weight was 6 mg. ost mor- 
tem. Nothing abnormal except congestion of the alimentary tract. 

Experiment 10. — Weight of the frog, 18 gm. Three doses, 100 mg. each, 
were given at hour intervals, beginning at 9.50 A.M. 

First dose, 9.50 A.M. Initial irritant effect. Animal jumped about for 
a few minutes, with mouth open, then assumed normal appearance. 

Second dose, 10.50. For atime moved quickly backwards repeatedly 
as if endeavoring to get away from the irritant in the mouth and throat. 
Responded promptly to mechanical stimulation, though was obviously 
weaker and less active. Mouth open most of the time. 

Third dose, 11.50. Muscular weakness more evident. Crawled when 
irritated, but could nothop. 12.30 p.m. Watery matter ejected from the 
stomach. Mouth open continuously. 12.50. Laid in an awkward posi- 
tion with eyes closed and failed to move when vigorously stimulated. 
2.00. Skin dry. Fluid dribbled from the mouth. Laid on belly with 
limbs outstretched. When placed on its back was unable to turn over. 
Liquid ejected from stomach several times since 12.30. Mouth con- 
stantly open. Eyes remained closed even during moments of marked 
response to stimulation. 2.30. General prostration. 3.00. Dead. 

Lived five hours and fifty minutes after the first administration. 

Total dose (300 mg.) per gram of body weight was 17 mg. Post 
mortem. Wistended stomach, full of yellowish mucus. Nothing note- 
worthy otherwise. 

Experiment 11. —Weight of the frog, 25 gm. Two doses, 100 mg. each, on 
different days. Observations were made during four days. 

First day. First administration, 3.30 P.M. Frequent head move- 
ments, evidently due to throat irritation. Swallowed repeatedly. Aside 
from these effects, which were exhibited frequently for several hours, and 
a certain degree of restlessness, there were no special symptoms. Skin 
remained moist. 11 P.M. Sat awkwardly. Not very susceptible to me- 
chanical stimulation. 

Second day. 1 p.m. Abundant deposit of white matter in throat, 
otherwise apparently normal. Second administration, 1 P.M. At 7 P.M. 
looked sleepy, but moved promptly when touched. Otherwise, nothing 
noteworthy. 

Third day. 9 a. M. A large white mass, composed of epithelial cells 
and of connective tissue fibres, apparently ejected from the throat, was 
found in the water beside the animal. Otherwise, appeared to be nor- 
mal. g Pp. M. Inactive. 

Fourth day. 10 a. M. Bloated. Skin loose here and there; pieces of 
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it detached. When placed on its back, turned over with difficulty. 
Stupor. 1 p.M. Prostration general. 2 Pp. mM. Dead. 

Lived ninety-four hours and thirty minutes after the first administra- 
tion. 

Total dose (200 mg) per gram of body weight was 8 mg. ost mortem. 
Intestines inflamed. Stomach distended and full of a very thick yellow- 
ish mucus. Heart beats when touched. Blood-vessels under skin much 
distended. Liver very yellowish. Throat inflamed and lined with bloody 
mucus. Muscles normal. Blood corpuscles apparently unaffected. (See 
Experiments 13 and 15.) 


Experiment 12.— Weight of the frog, 26 gm. One dose, 1 gm., at 


10.50 A.M. Immediately ejected some of the solution. Then jumped 


about very strenuously, striking the sides of the confining vessel and fall- 
ing backwards only to turn over quickly and jump again. Eyes closed. 
Sides drawn in. Rests head against the side of the jar. Gasps and froths 
at the mouth. 11.00. Unable to sit normally, but falls to one side ; can- 
not move legs co-ordinately. 11.05. Toes doubled up. Legs in abnor- 
mal positions. When irritated, hind legs are thrown backwards without 
moving the body. Front legs are paralyzed. Eyes closed. Unable to 
move about. 11.15. Dead. Lived twenty-five minutes after dosage. 
Dose (1 gm.) per gram of body weight was 38 mg. Post mortem. 
Stomach contracted and hard. A little reddish fluid in the abdominal 
cavity. Heart failed to beat when touched. (See Experiment 14.) 
Experiment 13 (begun as a repetition of Experiment 11). — Weight of the 
frog, 23 gm. One dose, 100 mg., at 11.25 A.M. No apparent effect 
for about two hours, except repeated swallowing and*head movements due 
to irritation of the throat. 2 Pp. m. Sat stupidly with chin close to plate. 
Jumped when vigorously irritated. Defecated dark, greenish mucous 
material. 4.00. Lying quietly. Occasionally swallows in the usual pecu- 
liar manner. 4.25. Eyes closed. Not active when aroused. 6.15. 
Sprawling. Very weak. Seems unable to sit in a normal position. 
7-30. Dead. Lived eight hours and five minutes after dosage. 
Dose (100 mg.) per gram of body weight was 4 mg. /ost mortem. 
Stomach widely distended and full of fluid. Other organs apparently 


normal. (See Experiment 15.) 

Experiment 14 (repetition of Experiment 12). — Weight of the frog, 27 gm 
One dose, 1 gm., at 2.18 p. M. Very lively at once. Usual swallowing 
motions very pronounced. Gasps and froths at the mouth. Gradually 
prostrated, with eyes half closed and sides drawn in.. 2.40. A little 
mucous matter exudes from the mouth. Lively when disturbed. 3.05; 
Sits upright and continues to froth at the mouth. 3.25. Legs weak. 
Fore legs turned under. 3.40. Almost lifeless. Gasping frequently 


Unable to move. 3.45. Several convulsive movements of whole body. 
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Lies on belly, back arched and hind legs extended. 3.50. Unable to 
turn over when placed on its back. Remains in any position, however 
unnatural. 4.00. Completely prostrated. 4.20. Two series of convul- 
sions in posterior parts. 4.25. Spasmodic movements when prodded 
4.35. Dead. Lived two hours and seventeen minutes after dosage. 

Dose(1 gm.) per gram of body weight was 37 mg. Post mortem. Stomach 
very hard and full of brownish, thick mucus, which was also present in 
throat and mouth. Heart began to beat when touched. 

Experiment 15 (begun as a repetition of Experiment 11).— Weight of the 
frog,23 gm. One dose, 100 mg., at 9.30 A.M. first day. Observations 
were made during nine days. 

First day. 9.30 A. M. Peculiar swallowing movements were quite marked, 
from the moment of administration. 10.00. Sat quietly with eyes half 
closed, but lively when disturbed. 10.15. Sat with head lowered and 
back curved upwards. Eyes completely closed. 11.00. Occasional 
attempts at swallowing, but otherwise apparently normal. 12 mM. | 
quietly with head down and eyes closed, but was active when disturbed. 
2.30 P.M. Appeared sluggish; head lowered, skin dry and eyes open 
g-00. No particular change. 

Second day. 11 A.M. Although resting in a shallow layer of water, 
the frog’s skin above the water is dry. (Skin of normal frog alongside is 
wet all over.) Eyes closed, lids dry. Not easily disturbed. Very stupid 
looking. 

Third day. 9 A.M. Much improved. 

Fourth to ninth days. Apparently entirely well from the fourth day. 
until the morning of the ninth day when it was found dead. The 
associated normal frog remained entirely well. 

Lived nearly nine days after dosage. 

Dose (100 mg.) per gram of body weight was 4 mg. ost mortem. 
Stomach and intestines edematous and full of reddish mucus. ‘The 
other organs appeared to be normal. (See Experiment 13.) 

Experiment 16 (carried out to ascertain whether the swallowing movements 
following each administration of thorium chlorid (Exps. 8-15) were due to 
the local action of a portion of the dose or were the results of irrita 
tion caused by the glass pipet used for the injections.) — Weight of the 
frog, 20 gm. ‘Three administrations of water, in 1 c.c. doses, in the usual 

manner, at 9.25 A. M., 11.00 A.M., and 12.00 M. There were no swallow 

ing movements after the first administration. During the first five minutes 
after the second administration, one hour and thirty-five minutes later, 
however, the animal exhibited a few of the usual movements of the head 

These movements did not recur in the interval before the third admin- 

istration, after which they again ceased in a minute or two. 
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Series III. Effects of introduction per rectum. — [)oses were 
per rectum with the aid of the pipet used for administration per 
Experiment 17,— Weight of the frog, 19 gm. One dose, 50 mg., at: 
No apparent effects for about an hour. 10.30. Signs of weakness 
Unable to sit up when turned on its back 
extended when pulled out. 11.10. Cannot move. 
one hour and fifty minutes after dosage. D 
body weight was 3 mg. Post mortem. Edema 
face of body hyperemic. Lower part of intestine 
(See Experiment 18.) 
Experiment 18 (repetition of Experiment 1 
One dose, 50 1 50 A.M. 
weak. Skin dry. 1.00. Cannot turn 
1.45- Paralysis complete. 3.00. Dead. 
utes after dosage. Mose (50 mg.) per gram of 
Post mortem. Nothing abnormal except harde 
the intestine. 
Experiment 
P.M. Immediately ] 
minutes, except sig f excitement; animal very lively unt 
it began to weaken. 3.30. Very weak. Abdominal surface 


) 


3-40. Dead. Lived one hour and ten minutes after dos 


mg.) per gram of body weight was 4 mg. Post mortem. 


toneal cavity. Stomach distended and full of mucus. Mu 


tissue near rectum hardened and disintegrated. 


Experiment 20.— Weight of the frog, 18 gm. 
A.M. Immediately jumped twice and fell backwards unal 
Quivering of hind legs, gradually extending to entire body. 
/egs outstretched, stiff and dry. Crawls with fore /eg 
hind legs hyperemic. 12.05 p.M. Fore legs stiff. Wh 
Only noticeable movement is a slight twitching of the skin u1 
jaw. Toes of fore feet turned under. Ventral surface of 
if abdominal muscles were strongly contracted. 12.15. Int 
der surface of body and hind legs red, dry, and shrunker 
red on inside. Only signs of life are reflex responses al 
eyes. 12.40. Dead. Lived forty-eight minutes after dosage. 
per gram of body weight was 56 mg. Post morfem. Mu 
peritoneal cavity. Edema of skin. Heart did not 
lated. Blood very black. Whole alimentary tract har 
tracted and lower part of intestine disintegrated. Genera 
superficial blood vessels. 

Experiment 21 (to ascertain the effects of water introduced 


the method employed in Experiments 17-20) We 
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20 gm. Several administrations, 2 c.c. of water at a time, at intervals 


of about an hour, caused no observable symptoms. 


SECOND GROUP OF EXPERIMENTS. ON WARM-BLOODED ANIMALS 
(Mouse Aanp DoGs),. 


The animals selected for these experiments appeared to be normal 
in all respects. After dosage, the mouse (Exp. 22) was kept under 
the bell-jar used in the preceding experiments. The dogs were 
selected after preliminary periods of observation had afforded ample 
opportunity for detection of individual peculiarities. During the ex 
pertments they were kept in cages similar to the one recently 
described.! 

The injected doses of thorium chlorid were always dissolved in 
small volumes of water, which never exceeded 4.c.c. The subcutane- 
ous injections were made on the right side in the lumbar region. 


Series I. Effects of subcutaneous injection Mouse (22) and Dogs (23 
and 24) |]. Lxferiment 22.— Weight of mouse,17 gm. One dose, 250 
mg., atg.55 A.M. No immediate effect except rapid and labored resy 
ration. 10.10. Signs of slight irritation at the point of injection. 10.40 
Walks awkwardly and shows signs of general muscular weakness. Has 
lost all co-ordinated use of the fore legs. 11.30. Looks stupid. There has 
been rapid and labored respiration since injection. .oo M. Increasing 
stupor. Has urinated once. 12.30 p.M. Eyes dull and nearly closed. 
Breathing very labored. Head lowered. Urinates frequently. 12.55. 
Retching movements, as if trying to vomit. Gasps occasionally. Great 
general weakness. 1.05. Difficulty in breathing. Gasping every few sec- 
onds. Mouth opened widely; moves with difficulty. 1 to 2. Gradual 
decline. Respiration slow and difficult; gasping repeatedly. When 
placed on its back is unable to rise. Cannot move. Prostration grad 
ually becomes general. 2.15. Respiration slow. Eye reflex absent. 2.30. 
Breathing spasmodic. 2.35. Dead. Lived four hours and forty minutes 
after the injection. 

Total dose (250 mg.) per gram of body weight was 15 mg. Post mortem. 
Organs normal. Tissue about point of injection hardened and blanched. 

Experiment 25.— Weight of the dog, 64 kilos. One dose, 2 gm., at 10 A.M. 
Observations were made during nine days. 

First day. 10 A. M. Injection immediately caused marked local irrita- 
tion. Hind leg on injected side was quickly weakened. 10.10. Ap- 
pears to be sleepy. 10.20. T'witching of muscles all over the body and 


1 Gigs : This journal, 1905, xiv, p. 403. 
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a slight tremor, increasing to a marked trembling of the whole body 
10.30. Ate proffered meat. 10.45. Nearly as lively as before injec 
tion. Twitching less marked. 11.00. Nose dry and warm. 11.15. 
Lies on its back in very unnatural position and trembles. 11.30. Walked 
about and appeared normal. 12.50. No change. 3.00. Recumbent 
and trembling most of the time. Weak. 5.00. Same as at 3. Some- 
what sleepy. Ate a good-sized piece of meat, but was not espe- 
cially anxious for it. 8.00. Sat up with great difficulty when aroused and 
drank water quite eagerly. 10.30. Nose temperature normal. Unable 
to jump out of cage. One hind leg very stiff. When taken from cage 
and put on floor, was able to move about, though awkwardly. Not fed 
yesterday. Only little food and water accepted to-day. 

Second day. 12.30 A.M. Quite stupid. Trembling still marked. 
Appetite better. 

Third day. 10.30 a.m. Hind leg very stiff and sore. Otherwise 
same. Nose cold. 7.15 p.M. Able to jump from cage. Appetite 
normal. 

Fourth day, 10 a.m. Leg very stiff. Tissue hard around point of 
injection. Nose warm. Unable to rise. Walks quite well, however, 
when put on his feet. 

Fifth day. Stiffness seems to be getting less marked. 

Sixth day. Left hind leg edematous. Painful when touched. The 
overlying skin shows signs of breaking down. Jumps out of cage with 
difficulty. 

Seventh day. Opening in skin at point of injection ; flesh greenish- 
gray beneath. Dog jumps out of cage more easily 

Eighth day. Rapidly recovering. Skin opening is enlarging by 
sloughing. 

Ninth day. 12.30 p.M. Killed under chloroform anesthesia. 7Zofa/ 
dose (2 gm.) per kilo of body weight was 0.31 gm. Post mortem 
Marked degeneration of tissue about the point of injection. The sur- 
rounding tissues were indurated, proteins having been precipitated. All 
the organs appeared to be normal. 

Experiment 24.— Weight of the dog, 15 kilos. One dose, 5 gm., : 
Observations were made during eight days. 

First day. Immediately after injection there was great uneasines 
dog rolled over and remained some time on his back. ‘There were pecu 
liar movements of the jaws as if due to a bad taste. Rapid and labored 
breathing at first, but after lying down respiration became normal. Fre- 


f inject 


quent stretching. Marked stiffening of the hind leg on side of injection 
Limp when walking. Licks jaws and appears nauseated. ‘Twitching of 
muscles and general trembling. 12 M. Sleepy. ‘Twitchings continue 
1 P.M. Increase of muscular symptoms. 2.00. More stupid. ‘Twitching 


becomes general. 3.00. Resting quietly with slight quivering of muscles. 
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.oo. Trembling continues, especially well marked in front legs. A hard 
swelling over the point of injection. 5.00. Very dull. No desire for food 
Thirsty. Midnight, same. 

Second day. Much brighter. Tissue about point of injection hard 
and painful to the touch. 

Third day. Seems to be much better. Increasing induration at site 
of injection. Appetite normal; still very thirsty. 

Fourth day. Not particularly ill. Lies quietly. Appears to be unable 
to rise. When put on all fours staggers very decidedly. Trembles on 
standing. Some fever. Breathes rapidly. Appetite and thirst normal. 

Fifth day. Much better. Able to jump out of cage. When released, 
ran about in lively manner. 

~ Sixth, seventh, and eighth days. With exception of the indurated mass 
about the point of injection the dog appeared to be normal. At the end 
of the eighth day the indurated mass referred to had degenerated consider- 
ably and the skin above it had opened. 

Dose (5 gm.) per kilo of body weight was 0.33 gm. 

(This animal was used on the ninth day in Experiment 28.) 

Series II. Effects of administration per os. Lxferiment 25. — Weight of 
the dog, 63 kilos. One dose, 2 gm., administered at 9.45 A.M., in one 
of two pieces of meat, each weighing 50 gm. Observations were made 
during a period of three days. 

First day. No immediate effects. .20 A.M. Less lively. Moved 
jaws as if there were gastric disturbance... 11.00. Vomited both pieces of 
meat. Practically all the thorium chlorid had dissolved and disappeared 
from the meat. Soon ate the piece of meat which had not contained 
thorium. Tasted the other piece, but would not swallow it. Liquid 
vomit was flocculent, not slimy. 12M. Ate nearly all of second piece 
of meat with its thorium chlorid. 12.30 p.m. Ate the rest of the meat. 
12.45. Very thirsty. 2.10. Appetite seemed impaired. Very anxious 
for water, which was taken eagerly. 

Second and third days. Apparently normal. 

Dose (2 gm.) per kilo of body weight was 0.31 gm. 

Experiment 26.— Repetition of Experiment 25 with a dog weighing 8 kilos 
yielded the same results. 

Dose (2.5 gm.) per kilo of body weight was 0.31 gm. 

Series III. Effects of intravenous introduction. Lxferiment 27.— Weight 
of the dog, 10 kilos. Light ether anesthesia. Death resulted during the 
process of slowly injecting into a jugular vein 1 c.c. of water contain- 
ing 1 gm. of thorium chlorid. Death was so sudden that symptoms 
were not observed. Post mortem. ‘The heart was distended and full of 
blood. The right auricle contained a black flocculent mass — evidently 
blood proteins precipitated by thorium chlorid. Such a precipitate 
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was obtained upon adding thorium chlorid solution fresh blood. 
Dose (1 gm.) per kilo of body weight was o.1 gm. 
Experiment 28. — Weight of the dog, 15 kilos. (Had previously been used in 
Experiment 24.) 1 cc. of aqueous 0.8 per cent NaC! solution, containing 
o.1 gm. of thorium chlorid, was injected slowly into a femoral vein. Almost 
decided 


immediately muscles in various parts of the body began to twitch 


general tremor quickly followed, and tetanic convulsion soon ensued. 


Death, apparently from asphyxia, occurred about two minutes after the 
injection. ‘The heart continued to beat slowly for a minute or two after 
respiration ceased. Blood, drawn immediately after death, appeared to 
coagulate normally. 

Dose (100 mg.) per kilo of body weight was 7 mg. Jost mortem, 
Blood darker than usual. Right side of heart full of coagulum. Organs 
apparently normal. 

Experiment 29.— Weight of the dog, 25 kilos. In morphin-atropin nar 
cosis.' Physiological salt solution (0.8 per cent), containing 0.01 gm. of 
thorium chlorid per c. c. of soiution, was injected at intervals slowly into 
a femoral vein. The following summary shows the frequency of the respi 


ration and heart beat before, during, and after each injection : 


Respiration. 


2.45 
Injection : 
2.50 P. M. 
Injection : 
2.55 P.M. 
Injection : 
P.M. 
Injection: 7 c.c. (3.02-03:40) spasmodic } 
3-06 
Injection: 8 c.c. (3.08-09:10) . much faster 


Respiration stopped at 3.10, after a few gasps. The heart continued to 
beat a minute and a half longer. 
Total dose (280 mg.) per kilo of body weight was 11 mg. ost mortem. 
Same as for Experiment 28. 


1 Morphin, 6 mg. per kilo; atropin, 0.6 mg. | 


rin Heart beat 
105 
102 
102 
102 
162 
I12 
rv ranid 
ry Tapia 
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SUMMARY OF RESULTS. 


The results of our observations with thorium chlorid may be briefly 
summed up as follows : 

Thorium chlorid readily dissolves in water. The solution is strongly 
acid in reaction, markedly astringent in effect, and has an acid, me- 
tallic taste. Aqueous solutions of thorium chlorid precipitate pro- 
teins and protoplasmic materials in general, blacken and precipitate 
blood, blanch and harden muscle, and harden and shrivel practically 
all tissues. Upon the unbroken skin it has no appreciable effect. 
Fairly concentrated aqueous solutions, when introduced into the 
stomach or rectum, harden and shrivel the gastro-intestinal parts in- 
volved ; when injected under the skin they induce local precipitation, 
hardening, and degeneration ; and, when passed into the blood, pre- 
cipitate the proteins. The reflexes were abolished preceding death in 
their usual order. 

Doses of more than 4 mg. per gram of body weight (4 gm. per kilo), 
whether introduced into frogs subcutaneously, per os, or per rectum, 
invariably resulted fatally. One of two frogs that received subcutane- 
cously 4 mg. per gram of body weight survived, the other died at the 
end of thirty hours. One of two frogs that received such a dose fer 
os died at the end of eight hours; the second died, on the ninth day 
after dosage, possibly from influences independent of the treatment. 
Introduction per os caused irritation of the throat, increased mucous 
secretion, and ejection of gastric contents. Doses of 3 mg. per gram 
of body weight, introduced into frogs per rectum, were fatal in one 
to three hours. Symptoms appeared more quickly in frogs, after in- 
troduction per rectum, when all other conditions were equal, than 
they did after administration per os or subcutaneously. 

In frogs, the following symptoms were usually elicited by the 
administration of lethal doses: 

1. After subcutaneous injection: diminished activity, stupor, pro- 
gressive weakness, lack of co-ordination in movements, paralysis of 
the limbs (the fore legs first), general prostration. Anhidrosis was 
occasionally observed. (Non-lethal doses appeared to cause merely 
moderate initial excitement.) 

2. After administration fer os : retching movements, marked gas- 
tro-intestinal irritation, stupor, weakness, lack of co-ordination in move- 
ments, paralysis of the limbs (the fore legs first), general prostration. 
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Specially large doses induced preliminary excitement and in one 
instance brought on convulsions. In some cases there were no appar 
ent effects at first except retching movements. Anhidrosis was 
occasionally observed. 

3. After introduction per rectum: weakness, paralysis of the 
limbs (ind legs first), progressive rigidity of the muscles, general 
prostration. Anhidrosis was observed in some cases, edema in others 
The smaller doses failed to elicit immediate effects, the larger doses 
induced excited movements at once and twitching of the muscles. 

Doses of 0.3 gm. per kilo in dogs, whether introduced subcuta- 
neously or per os, failed to produce fatal results. The subcutaneous 
injection of 1.5 gm. per kilo in a mouse caused death in five hours 
(Exp. 22). An intravenous dose of 7 mg. per kilo in a dog caused 
almost instant death, but this animal may have been particularly sus 
ceptible to the effects of the thorium compound because of previous 
subjection (nine days before) to the influence of a large subcutaneous 
dose. Another dog (Exp. 29) withstood, a few minutes longer, a 
somewhat larger total dose of thorium chlorid injected directly into 
the circulation in quantities that did not exceed 70 mg. although 
very little of the compound was required intravenously to cause 
speedy death. 

The symptoms usually observed in dogs were the following : 

1. After swbcutancous injection (in non-lethal doses) : local irritation 
and sloughing, restlessness, fever, thirst, loss of appetite, twitching 
of the muscles, sluggish movements, weakness.’ 

2. After administration per os (in doses that were not very toxic) 
vomiting, thirst, impaired appetite. 

3. After tutravenous introduction (in lethal doses): muscular twitch- 
ing, general tremor, tetanic convulsions, asphyxia, death 

Reasons were given on page 458 for the discontinuance of the ex 


ions could 


periments before various other facts in related conne 
ascertained. 


Fatal eftects ise are given on page 470 
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OBSERVATIONS ON NORMAL GASTRIC PERISTALSIS 
IN THE RABBIT. 


By JOHN UER 


NorMAL gastric peristalsis may be studied in the fed rabbit without 


tr 


any operative interference whatsoever. The animal is merely str 


stehed 
cicnea 


upon its back and the hair of the epigastrium clipped. A large part 


of the stomach is now visible, and the peristaltic waves may be st 


udied 
by inspection or by means of atambour. By this method a number 


of observations have been made, some of which have been reported 


elsewhere 
In the starving rabbit gastric peristalsis is either greatly reduced 
or entirely absent. If now the stomach be moderately distended with 
air or water, powerful gastric waves appear at regular intervals. 
Ether and chloroform do not have the same effect upon gastric 
motility. When fully under ether, the peristalsis is regular and pow- 
erful, often more regular than before the anwsthesis. Chloroform, 
on the other hand, greatly reduces the frequency of stomach waves. 
Morphine subcutaneously or intramuscularly abolishes stomach 
movements. 
gastric movements as a rule 


> 


Section of the vagi in the neck stops 


there are some exceptions, however. 


FUNCTIONS AND STRUCTURES IN AMCEBA PROTEUS. 
By Dr. C. F. HODGE anp O. P. DELLINGE! 


THE material for this study consisted of living amocba, specimens 


killed in various ways and stained whole by different stains, and serial 


sections, also hardened and stained by different methods. 
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Contraction is effected by a meshwork of fibrilla, united into heavy 
trabeculz with wide intertrabecular spaces in the interior (endosarc) 
and into very fine trabeculz over the exterior (ectosarc). This mech- 
anism is all that can be demonstrated to account for all movements, 
locomotion, ingestion, egestion, contraction of vacuole and internal 
circulation. Movements are co-ordinated, but no differentiation of 
conducting fibrilla has been clearly demonstrated. This material, 
when supplied with necessary nutrient substances, must possess the 
function of growth. 

The function of digestion is mediated in all animals by gland cells, 
characterized by zymogen granules. The only structure in amoeba 
which is definitely granular is the nucleus, and sections show these 
granules apparently passing out of the nucleus into the food vacuoles. 
This accounts for all functions of the animal, reproduction being un- 
differentiated from growth and respiration and excretion and circula- 
tion being effected by movements of the whole body and supplemented 
by a similar action of the contractile vacuole. Except as noted above, 
sections reveal no differences between ectosarc and endosarc. 


THE INFLUENCE OF MECHANICAL ENERGY IN PHLORHIZIN 
DIABETES. 
By GRAHAM LUSK. 
MECHANICAL effort in a fasting dog made diabetic with phlorhizin 
only slightly increases proteid metabolism, but leads to a small in- 


crease in the output of sugar. This extra sugar may be derived from 
the residue of glycogen present in the animal. 


THE SPARING ACTION OF GELATIN. 
By J. R. MURLIN (by invitation). 


Reiity, Nolan, and Lusk showed several years ago that in diabetes 
gelatin may yield as much as 60 per cent of its weight as dextrose. 
An attempt has been made to determine to what extent this purely 
carbonaceous part of the gelatin molecule may account for the great 
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sparing of the body's proteid when gelatin is fed. Experiments on 
dogs show that a diet limited to a quantity of carbohydrates equal to 
12 per cent of the body’s heat requirement does not spare proteid, 
but entails a loss of nitrogen ; whereas 20 per cent of the body’s cal- 
orific requirement in gelatin alone spares 30 per cent or more of the 
starvation nitrogen. 

The same negative effect has been obtained in a student weighing 
46 kilograms. After securing nitrogen equilibrium on a mixed diet 
containing 41 calories per kilo, in which nitrogen corresponding to 


celat 
geiatin 


the quantity eliminated in starvation was taken two-thirds in 
and one-third in meat, the gelatin was replaced by 60 per cent of its 
weight of dextrose. The sparing effect of the gelatin was entirely 
lost. 

The conclusion is that the sparing action of gelatin must be 


accounted for entirely by its nitrogenous constituents. 


SOME PHYSICAL REACTIONS OF PHYSA 


Reactions of the snail to oxygen and to carbon dioxide.—I\n the lake 
and river systems studied, the conditions making up the habitats of 
Physa vary greatly, and there is a correspondingly great variation in 
the number of snails found in them. A comparison of the most favor- 
able habitats, wherever found, show strikingly similar conditions. 
They contain water that has the highest percentage of oxygen and 
the lowest percentage of carbon dioxide. A series of laboratory ex- 
periments corroborates the observations made in the field, Physa 
reacting positively to oxygen and negatively to carbon dioxide. 
Physa's reactions to chemical stimuli, — Only a small portion of the 
snail's body is sensitive to chemical stimuli,and the snail responds 
negatively or positively according to the nature of the stimulating 
substance. The physiological state of the snail, due to the amount of 
the food taken, affects its reactions to both chemical and mechanical 
stimuli. A positive reaction, induced by the application of a chem- 
ical, inhibits the reaction to a second chemical which would normally 
produce an immediate negative response if applied to a fresh snail 
and vice versa. Physa’s food is solid, and if one of these snails come 
in contact with food while in motion, the animal receives both a me- 
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chanical and a chemical stimulus; the resulting reaction depends 
largely upon the momentum of the snail and the character of the 
food substance. 


THE FAILURE OF REGENERATION OF THE SUPERIOR CER- 
VICAL GANGLION TWENTY-SIX MONTHS AFTER ITS 
REMOVAL. A DEMONSTRATION. 

By S. J. MELTZER. 


TWENTY-sIx months after the removal of the superior cervical gan- 
glion a subcutaneous or intramuscular injection of adrenalin still causes 
a long lasting dilatation of the pupil on the corresponding side. 


THE EFFECT OF SECTION OF ONE VAGUS UPON THE 
SECONDARY PERISTALSIS OF THE CESOPHAGUS. 


By S. J. MELTZER aAnp J. AUER. 


THE prevailing opinion is that section of one vagus has no effect upon 
the peristalsis of the cesophagus. In a series of experiments upon 
dogs it was found that section of one vagus reduces considerably or 
abolishes the secondary peristalsis in the thoracic part of the cesoph- 
agus. By secondary peristalsis it is intended to designate the 
peristaltic movement of the cesophagus which is not preceded by an 
act of deglutition and which depends upon a chain of reflexes, as 
was previously described by Meltzer. Besides the impairment of the 
secondary peristalsis, the cardia becomes relaxed soon after section 
of one vagus. 


PERISTALSIS OF THE RABBIT’S CCECUM. 


By J. AUER anp S. J. MELTZER. 


Tue literature contains no definite statements with regard to the 
movements of the rabbit’s coecum. When the abdomen is opened, 
practically no movements can be observed. However, the coecum 


2 


Nineteenth Annual Meeting. XV 


possesses well-marked frequent movements which can easily be seen 
through the normal skin and of which graphic records can easily be 
obtained. They are also well seen through the abdominal muscles 
after removal of the skin. But they disappear completely immediately 
on opening the abdominal cavity. The movements are arrested by 
stimulation of the vagi. This effect is best seen after administration 


of ergol. 


ARTIFICIAL REGULATION OF THE HEART RATE. 
By YANDELL HENDERSON 


At the meeting of the Society in December, 1905, the writer stated 
that in an animal under artificial respiration the heart rate varies 
with the rate and depth of the respiration (7. ¢., with the extent of the 
pulmonary ventilation). Excessive pulmonary ventilation induces 
extreme tachycardia. He further suggested that a diminution in the 
CO, content of the blood resulting from the excessive respiration is 
the cause of this tachycardia. 

In a series of experiments upon dogs, the blood gases have been 
determined (by means of a Hill’pump). The analytical results and 
pulse tracings show a constant inverse relation between the CQO, con- 
tent of the blood and the heart rate in animals under artificial respira- 
tion. This relation holds true also under natural respiration, except 
when the animal is hyperpnaic. In this ease the respiratory ex- 
citement induces a rapid pulse even when the CO, content of the 
blood is high. 

When the thorax of a dog has been opened, the heart rate can be 
regulated at the will of the operator by the following method. The 
bellows is connected with the tracheal cannula by a piece of large 
rubber tubing (15 mm. interior diameter and 50 to 250 cm. long 
according tothe size of the animal). At both ends of this tube are ad- 
justable escape vents. If the vent near the tracheal cannula be open 
and that near the bellows closed, a rather rapid and full movement 
of the bellows induces a rapid acceleration of the heart rate. If the 
tracheal vent be then closed and the vent near the bellows be 
opened, the heart rate is gradually slowed. In one experiment be 
tween 10 A.M. and 5 p.M. the heart rate was four times raised 
above 200 per minute, and as often slowed below 50. The animal 
was under morphin and ether. 


xvl Proceedings of the American Phystological Society. 


In experiments in which, after the opening of the thorax, the 
animals were maintained under natural respiration of compressed air 
(Sauerbruch-Brauer method), the increase and diminution of the 
respiratory “dead space” by means of the large tube with two vents 
(used in these cases to connect the tracheal cannula with a gasometer 
into which air was pumped at a constant pressure of 10 to 13 cm. 
of water), results identical with those above described were obtained. 
In experiments in which the thorax was not opened vigorous artifi- 
cial respiration also induced tachycardia, as did also the hyperpnoea 
resulting from the stimulation of an afferent nerve. Under ether 
it was thereafter difficult to regain a slow pulse rate, owing appar- 
ently to the difficulty of diminishing the hyperpncea. Under deep 
chloroform anzsthesia, on the contrary, it was found that increasing 
the respiratory “dead space” by attaching a tube to the trachea 
slowed the heart rate to 50 or fewer beats per minute. 

In experiments on men it was found that voluntary forced respira- 
tion continued vigorously for a couple of minutes induces a heart 
rate of 130 or more beats per minute. 

These observations seem to indicate that the maintenance of the 
normal heart rate is in large degree “dependent on the uniformity 
of the CO, content of the arterial blood. This view harmonizes with 
the conclusion of the researches of Haldane and Priestley, that the 
respiratory activity is adjusted primarily to maintain a uniform CO, 
content in the blood. 


PRODUCTION OF ARTIFICIAL PARTHENOGENESIS IN AS- 
TERIAS THROUGH MOMENTARY ELEVATION OF TEM- 
PERATURE. 

By RALPH S. LILLIE. 


Exposure of the eggs of Asterias forbsii during maturation to tem- 
peratures ranging from 34 to 38°, for periods varying from thirty 
seconds to two minutes, is followed by typical membrane formation 
and by cleavage, which in favorable cases is regular and leads to 
apparently normal development. Bipinnariz indistinguishable from 
those reared from normally fertilized eggs have been obtained by this 
method. The most favorable results are gained by transfer of eggs 
during the early maturation period (z. ¢., within half an hour after 
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removal) to sea water at 35°, 36°, 37°, and 38° for periods varying 


from fifteen seconds to eighty seconds; the higher the temperature 
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of the warm sea water, the shorter the optimum period of immersion ; 
the eggs are then transferred to a large volume of sea water at the 
normal summer temperature (20°-22°). Fertilization, membrane 


formation, and cleavage follow; development is slower than normal, 


and a smaller proportion of eggs reach the blastula and later stages. 
Membrane formation is especially readily induced by this treatment, 
and is often shown by eggs with germinal vesicle intact. If the con- 
ditions of temperature or time of exposure are unfavorably adjusted, 
amceboid movements of the egg protoplasm and irregular cleavage or 
fragmentation occur (independently of nuclear division) in a large 
proportion of eggs; the protoplasm of such eggs soon undergoes a 


1 


coagulative change, followed by disintegration. 


THE ACTION OF BLOOD SERUM AND TISSUE EXTRACTS 
ON THE COAGULATION OF ‘THE BLOOD. 


By LEO LOEB (by invitatior 


CERTAIN analogies exist between the action of salts in the coagula 
tion of lobster blood, in the precipitation of casein and paracasein, 
and in the digestion of proteid by pancreatic juice. In each case the 
optimal amount of calcium can be split in a fraction which can be 
substituted by Mg or Na and presumably other kations, and in 
another fraction which can neither be substituted by Na nor (with 
the exception of the precipitation of casein and paracasein) by Mg. 

Analogies exist likewise in the influence exerted by tissue extracts 
on the coagulation of blood, on the coagulation of milk, and on the 
pancreatic digestion of proteid (action of exterokinase ). 

It has been suggested that in each case different substances com- 
bine to form the active ferment. In the case of the coagulation 
of invertebrate blood it can be shown that tissue extract (tissue 
coagulin) and serum (thrombin) act both independently of each 
other on the fibrinogen. In vertebrate blood complicating factors 
arise; substances are found in the blood serum which accelerate and 
inhibit the action of tissue coagulins. But no fact is known which 
makes it likely that the relations between thrombin, tissue coagu- 
lin, and salts differ essentially in the clotting of vertebrate and 
invertebrate blood. 


xviii Proceedings of the American Physiological Soctety. 


THE FUNCTIONS OF THE EAR OF THE DANCING MOUSE. 
By ROBERT M. YERKES. 


Boru the static and the acoustic functions of the ear of the dancer 
differ markedly from those of the common mouse. 

Orientation and equilibration are fairly good. There is no evi- 
dence of turning dizziness. The whirling movement which is char- 
acteristic of the race appears as soon as the young mouse is strong 
enough to stand. It is somewhat more pronounced in the female 
than in the male, and occurs chiefly toward evening. With respect 
to this movement there are three well-defined groups of dancers: 
those which almost always whirl toward the right, those which 
whirl toward the left, and those which whirl now one way now the 
other. At present I have no satisfactory evidence of the inheritance 
of the tendency to whirl in a certain way. 

Direct and indirect methods of testing acoustic sensitiveness have 
given negative results in the case of the adult, but the young dancer 
responds to certain sounds for from two to five days during the third 
week ‘of life. This period of sensitiveness to sounds is preceded by 


a marked change in behavior. 


THE CAUSE OF THE TREPPE. 
By FREDERIC S. LEE. 


THE treppe is usually ascribed to increased irritability caused by 
activity. The cause of the increased irritability has remained ob- 
scure. In studying the depressing action on muscle of its fatigue 
substances the author often observed augmentation of activity instead 
of depression. A more careful investigation of this phenomenon 
shows that it may be produced by all of the three recognized fatigue 
substances, — namely, carbon dioxide, monopotassium phosphate, 
and paralactic acid. When a muscle is irrigated with an indifferent 
fluid containing one of these substances in small quantity, and com- 
pared with its mate, irrigated only by the indifferent fluid, a fatigue 
record being made from both, more intense contractions frequently 
occur in the poisoned muscle at the beginning of the experiment, 
and may last until exhaustion sets in. When a fatigue record is 
being made from a muscle with the circulation intact, intravenous 
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injection of a fatigue substance causes augmentation of contraction. 


The author concludes that the treppe is due to the augmenting action 
of fatigue substances in small quantities,—-the same substances 
which in larger quantities cause depression or fatigue. 

An excellent mode of demonstrating the augmenting action of 
CO, in the cat is to record the contractions of the Tibialis anticus 
in the living animal, and while the record is being made, to clamp 
the trachea. A marked treppe follows. 

If two corresponding muscles be compared, one with the circula- 
tion intact, and the other with the arteries ligated, the latter muscle 
performs more intense contractions and exhibits a more rapidly 
developing treppe, owing to the accumulation of fatigue substances. 

The chemical theory of the treppe is able to explain several other 
known phenomena. The author has experimented on both frogs 
and cats. The augmenting action of the fatigue substances is 
observed even when curare is employed. 


THE FORMATION OF FAT IN ANIMALS FATTENED FOR 
SLAUGHTER, 


By GEORGE T. KEMP anp L. D. HALL. 


Tuis research was undertaken to determine, microscopically, how fat 


was deposited in the “marbling” of beef, and was extended to 
include a study of the relation of fat to the muscle cell, both 
histologically and chemically. 

The histological reagents used to stain the fat were osmic acid 
Sudan III, and Scharlach R. We agree with the majority of observers 
in giving preference to the last. The beef was frozen, and cut with 
a Bardeen freezing microtome. Some tissues were fresh, and others 
were fixed in formaldehyde (and sodium chloride) before freezing. 

Even in the fattest tissues no fat was found within the sarco- 
lemma. It appeared to be confined exclusively to the connective 
tissue, as far as microscopical observations were concerned. 

Some specimens of very lean meat yielded a much larger percent 
age of fat, by extraction, than could be accounted for by the fat 
which showed under the microscope. 

The theory has been put forward, that the toughness of meat is 
partially produced by a thickening of the sarcolemma. We found 
nothing to support this theory. 
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The following communications were also presented : 

THE MINIMAL PROTEID REQUIREMENT OF SOME HIGH PROTEID ANIMALS. 
By R. H. CHITTENDEN. 

THE Rare or Loss or WeiGHt OF Norma Man. By W. P. Lomparp. 

THe Errecr or MuscuLtar ActTiviry ON KREATININ EXCRETION; WITH 
PRELIMINARY OBSERVATIONS ON THE EXCRETION OF KREATININ IN 
HEALTH AND Disease. By P. A. SHarrer (by invitation). 

THE OCCURRENCE AND FORMATION OF ALKYLAMINES AND ALKYEUREAS. 
O. 

THE FORMATION OF SUGAR FROM AMINO-AciIDs. By W. SALANT. 

‘Bae Errects or Cocaine On THE Liver. By G. B. WaLLace anv J. S. 
DIAMOND. 

On THE ELIMINATION OF RADIUM IN NORMAL AND NEPHRECTOMIZED 
ANIMALS. By W. SALANT AND G. M. MEYER. 

THE RELATION OF INORGANIC SALTS TO LECITHIN AND KEpHALIN. By W. 
KOcH. 

CONTRIBUTIONS TO THE PHYSIOLOGY OF THE PHOSPHATES. 
BERG, L. J. HENDERSON, H. B. WEBSTER, AND R. Frrz. 

CONCERNING GLycotysis. By C. L. AtsperG anp G. W. HALt. 

SomE NEW OBSERVATIONS ON* THE ACTION OF Lipase. By A. S. LogEveEN- 
HART, G. PEetRCE, AND C. G. SOUDER. 

NucLEINS OF CoprisH Roe. By J. R. MANDEL anp P. A. LEVENE (read 
by title). 

Giucoruionic Actip 1x Pus. By J. A. MANDEL AND P. A. LEVENE. 

PRELIMINARY REPORT ON THE ENZYMES OF UNFERTILIZED AND FERTILIZED 
Eccs. By E. P. Lyon anp O. P. Terry. 

EXPERIMENTS ON ResusciraTion. By G. N. Srewart (read by title). 

ON THE SO-CALLED “ LIGATURE OF STANNIUS IN THE MAMMALIAN HEartT.” 
$y J. ERLANGER AND J. R. BLACKMAN. 

ON THE MECHANISM OF THE SO-CALLED REFRACTORY PERIOD OF. THE 
Heart. By A. J. CARLSON. 

ON THE RELATION OF THE NoRMAL RHYTHM TO THE SODIUM CHLORIDE 
RuytHmM OF THE Heart. By A. J. Carson (read by title). 

VasomotTor Reriexes. By W. T. Porter. 

THe INFLUENCE OF THE DIGITALIS SERIES UPON THE VELOCITY OF THE 
3L00D StREAM. By C. W. Epmun»ps. 

Metuops or Srupyinc Faticug. By F. S. Lee (a demonstration). 

DEMONSTRATION OF THE ADIABATIC CALORIMETER OF RICHARDS, HENDER- 
SON, AND FREVERT. By C. L. ALSBERG. 
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ON THE ALLEGED ADAPTATION 
F. P. UNDERHILL AND L 
ADAPTATION OF SALIVA TO DIE! 
THe Errecr oF PHOSPHORUS STARVATIO 
W. Kocu anp H. REED 
ALOUT ‘TENDON 
J. 
FuRTHER StTupy 
(read by title). 
SOME OBSERVATIONS ON THE (}:SOPHAGUS 
W. B. CANNON. 
CONCERNING THE PHARMA 
STOOKEY AND M. Morris (read by title 
NuCLEIN METABOLISM EXPERIMENT ON A Doc 
P. A. LEVENE AND J. E. Sweet. 
PRoTEIN ANALYysIS. By P. A. Levene, W. A. Beary, 
anp C. H. RUILLER 
PRESERVATION OF BLoop VESSELS IN COLD STorRaAs 


invitation ). 


AN ro Diet by 
PROTEINS. By 
wp W. N. BERG 
RA 4 By 
i AcID by L. B 
Eck’s By 
D. R. MacLaurin. 
By A. CARRE! 
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